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ABSTRACT 


Health care is one of the largest and fastest growing activities 
in the Canadian economy and hospital services form the Eas part of 
the national-expendi tune son ghealthware. Hospital oe are con- 
suming a growing proportion of Canada's resources and these are limited. 

It was observed that a small but significant body of hospital 
oriented economic literature had been developing. Generally, the 
literature concerned itself with the analysis of hospital cost data for 
the purpose of determining the level at which a hospital's average cost 
reached its lowest level; i.e. the point at which hospital size was 
optimal. In light of the rapidly increasing costs of hospital services, 
it was considered that a review of the literature which would consoli- 
date the existing body of knowledge regarding hospital costs would be 
a valuable contribution. This thesis represents a review of the per- 
tinent literature. 

The theories of production and cost provided the empirical back- 
ground against which the economic literature has been examined. The 
literature was surveyed and many specific criticisms have resulted. 

An overall commentary on the literature as it exists and directions for 
future research have been described. 

The primary conclusions of this thesis are: 

1) that there is no concensus in the literature that one particular 
size is optimal for a hospital, although it is agreed that small hos- 
pitals are less efficient than medium and large size hospitals; 


2) that considerable research effort is required to develop the 
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tools of economic analysis so that they can reflect hospital activities 
more accurately; and 

=) that 'micro' economic analyses at the level of the individual 
hospital are required so that each community will be able to maximize 


LLSe weturn 1Om each health dollan spent. 
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CHAPTER I 


INTRODUCTION 


Since 1957 the manner in which health care services have been 
provided in Canada has substantially changed. The introduction of 
government hospitalization plans was completed in all of the pro- 
vinces in 1961 when Quebec's plan became operational. In the early 
months of 1971 Prince Edward Island became the last province to begin 
to operate a plan insuring medical services; i.e. medicare. Health 
services, which once operated as part of the private sector of the 
economy, are now largely part of the services provided by government. 
During this period the variety and the comprehensiveness of health 
services made available to Canadians have greatly expanded. "'Health 
care has, for some time, constituted one of the largest and fastest 


: sate ' af 
growing activities in the economy." 


IEconomic Council of Canada, Seventh Annual Review: Patterns of 
Growth, (Ottawa: Queens Printer, 1970), P.30. 


Trends in Health Care Expenditures@ 


The rapid expansion in quantity and type of health services 
offered in Canada during recent years has been accompanied by a 
rapid increase in the cost of providing these services. (see Tables 
I-1 and I-2) The amount spent for personal health care has increased 
from $1,047,403,000 in 1957 to an estimated $4,387,028,000 in 1970. 
This represents a total increase of 418.8 per cent or an average 
annual rate of increase of 11.6 per cent. The extent of the increase 
is even more dramatic when expressed in terms of expenditure per 
capita. Between 1957 and 19/70 the Canadian population grew from 
16,677,000 to 21,406,000 people; - an increase of 128.4 per cent. 
During the same period the expenditure per person on personal health 
care rose from $62.81 to $204.94 or 326.3 per cent. 

The largest segment of the expenditure for personal health care 


has been in the area of hospital services. Expenditures on hospital 


services have increased from $587,370,000 to an estimated #%2,787,356,000 


between 1957 and 1970. This represents an increase of 474.6 per cent 


“The discussion in this section is based upon information ob- 
tained from the following sources: R.H.M. Plain, Resource Allocation 


Schad 


in the Medical Service Market in Alberta, Section I, An unpublished 


report submitted to the Alberta Health Care Insurance Commission, 
April, 1971; and the Department of National Health and Welfare, 
Research and Statistic Memos, as listed below: 
"Expenditures on Personal Health Care in Canada, 1957-1969", 
(October, 1970), "Expenditures on Personal Health Care in the 
Provinces of Canada 1957-1969", (November, 1970), and "Expendi- 
tures on Health Care in Canada, 1960-1970", (December, 1971), 
(Ottawa: Research and Statistics Directorate). 
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TABLE I~1 


EXPENDITURE™ ON PERSONAL HEALTH CARE IN 
CANADA, 1957 TO 1970 


Hospital Services 


Total 
Year General and BAN Personal 

Allied Special Hospitals Health Care 
1957 422,913 587,370 1,047,403 
1958 462,305 640,608 1,144 ,888 
1959 534,728 735,626 1,290,468 
1960 640 ,587 847 ,573 1,443,324 
1961 722,057 949,014 1,587,626 
1962 811,848 1,054,181 1,722,770 
1963 909,762 1,174,887 1,921,856 
1964 1,015,148 1,300,228 2,114,623 
1965 1,144,479 1,461,916 2,307,051 
1966 1,319,048 1,668,768 2,665,016 
1967 1,523,035 1,916,296 3,029,129 
1968 1,789,968 2,218 , 395 3,478,450 
1969° 1,997,516 2 46h 12 3,875,407 
1970° 2,278,654 2,787,356 b ,387,028 


“In Thousands of dollars. 
Spreliminary estimates. 


Compiled from Department of National Health and Welfare, 
Research and Statistics Memos, (Ottawa: Research and Statistics 
Directorate). 

1957 to 1967 data from "Expenditures on Personal Health 
Care in Canada 1957-1969", (1970), Table l. 

1968 to 1970 data from "Expenditures on Personal Health 
Care in Canada 1960-1970", (1971), Table 1. 
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TABLE I-2 
PER CAPITA EXPENDITURE ON PERSONAL HEALTH 
CARE IN CANADA, 1 


gD PO 970 


Hospital Services 


Total 
Year General and All Personal 
Allied Special Hospitals Health Care 
1957 25.36 $5.c2 62.81 
1958 27.00 37.42 66.87 
1959 31.03 41.98 735665 
1960 COP NG 17 33 80.59 
1961 39.52 51.94 86.89 
1962 43.61 56.63 92.55 
1963 47.97 61.95 101.34 
1964 52655 67.28 109.42 
1965 58.16 74.29 120.29 
1966 65.79 O4.23 132.92 
1967 74.51 93.75 148.19 
1968 86.17 106.80 167.46 
1969 94.72 116.84 183.76 
19670" 106.45 130.21 204.94 


“Preliminary estimates. 


Compiled from Department of National Health and Welfare, 
Research and Statistics Memos, (Ottawa: Research and Statistics 
Directorate). 

1957 to 1967 data from "Expenditures on Personal Health 
Care in Canada, 1957-1969", (1970), Table 3. 

1968 to 1970 data from "Expenditures on Personal Health 
Care in Canada, 1960-1970", (1971), Table 3. 
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or an average annual rate of increase of 13 per cent. During this 
period the pattern of spending on health care has shifted. Whereas 
in 1957 56.1 per cent of the total expenditure on personal health 
care was for hospital services, it is estimated that in 1970 the 
expenditure for hospital services represented 63.5 per cent of the 
total. During the 1957 - 1970 period expenditures per person on 
hospital services rose from $35.22 to $130.21 or 469.7 per cent. 

The increased expenditures for personal health care and for 
hospital services consume a growing proportion of Canada's resources. 
This trend is illustrated in Table I-3. Total expenditures on per-= 
sonal health care amounted to 3.18 per cent of G.N.P.? in 1957 and 
5.19 per cent in 1970; - an increase of 163.2 per cent. Expenditures 
on hospital services represented 1.78 per cent of G.N.P. in 1957 and 


S250" per cent i070 - an increase of 191.0 per cent. 


Provincial Trends 

The rising trend of expenditures for personal health care is 
one which has been experienced in every Canadian province between 
1957 and 1970 (see Table I-4). 

The Province of Alberta has not remained isolated from this 
trend of increasing expenditures for personal health care and for 


hospital services. (Refer to Tables I-5 and I-6), Between 1957 and 


q.N.P. is a number which represents the total current market 
value of all final goods and services produced within the nation in 
a given year. 
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TABLE I-3 


EXPENDITURE ON PERSONAL HEALTH CARE, CANADA, 


—————— —eeeeeeeeeeeeeeeeeeeeSEeEeeeee 


1957 TO 1970, PERCENTAGE OF GROSS 


NATIONAL PRODUCT AT MARKET PRICES 


Year General and All Total Gallek« 
Allied Special Hospitals Personal ($,000) 
Hospitals Health Care 

1957 1.29 nese: Selo 32,907 

1958 1.36 1.88 3.36 34 094 

1959 ke5O 2.03 3.56 36,266 

1960 Le 2.24 Eons 37495 

1961 aby sie 2.43 4.06 39,080 

1962 ies 2.49 4.07 42,353 

1963 2.00 2.58 4.23 AS 465 

1964 2.04 2.61 425 4g ,783 

1965 2.08 2.66 431 54,897 

1966 25 2:72 434 61,421 

1967 2.32 2.92 4.62 65,608 

1968 250 pees 4.87 71,388 

— 1969 2.54 3.14 4.93 78 , 560 

1970 2.70 3.30 5.19 84 468 


Compiled from Department of National Health and Welfare, 
Research and Statistics Memos, (Ottawa: Research and Statistics 
Directorate). 

1957 to 1967 data from "Expenditures on Personal Health Care 
in Canada, 1957 to 1969", (1970), (a) Table 4, (b) Table 8. 

1968 to 1970 data from "Expenditures on Personal Health Care 
in Canada, 1960 to 1970", (1971), (a) Table 4, (b) Table Lo. 
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1970 expenditures in Alberta for personal health care have risen from 
$82,863,000 to an estimated $346,732,000;- an increase of 418.4 per 
cent. Between 1965 and 1970, Alberta experienced an average annual 
increase in expenditure of 13.8 per cent which was the second highest 


rate in Canada of any of the provinces. 


The population of Alberta rose to 1,604,000 in 1970 from 
1,144,000 in 1957 which represents an increase of 140.2 per cent. 


During this period the expenditure per person on personal health care 


rose from $70.88 to $216.17 or 305 per cent. 


Alberta spent the largest proportion of its health care dollars 
on hospital services, which reflects the national experience. Alberta 
spent $47,126,000 for hospital services in 1957 and $211,301,000 in 
1970;- an increase of 448.4 per cent. Between 1957 and 1970 expendi- 
ture per person for hospital services in Alberta rose from $40.31 to 


$131.73 which is an increase of 326.7 per cent. 


Between 1957 and 1970 total spending on personal health care in 
Alberta increased at about the same rate as for the nation as a whole; 
418 per cent. The total increase experienced during the same period 
in hospital services for all of Canada exceeded the increase exper- 
ienced by Alberta. While Alberta did spend more per person in 1970 
for both health care and hospital services than was expended nationally, 
over the 1957 - 1970 period, the rates of increase in Alberta's per 


capita expenditure for both health care and hospital services has been 


a : 
8 wont yt wa asad orto a stanait « woresscharess 9 rh 
: Hb a ee ae peice Laviuies she ies -_ 
tema eqeweyu nA mong ge apes joie oie ove Pee oe 


pammglil Lares wf? ane do tube ih qa ly 3a diets at. - wii | 
amaeghyres ats’,50) Tir hia hacen wat ma ¢ 

| D _ ms 7 

mary) Fed ain f wheat gaint wad Ls ‘g we ialen sa | ial ; 


i = 4 
a F| 204 54 iF | hay “he |S Wise eee” r?4qn8t $2 culls > “a” —_t at 


a 
7 _ “ _ a 
oe étiqad Latoace4 40 PORTSe sf atin ie am bal wy ands — 1 
: : ; _ 
ofan “Or POW wm Maes ot SLE gest enesy-. 
bie : 


yOatzay ets ctSinaé <3’ & iar! uit ai si? hi oyu eee 


erllk .ecnaitnrne Lasokee Opt elidel +4, 10 (8y, [nebrenet Latignuad @p, 5 
_ : _ 


5 F : ; 
ane ara @ F whe Z ii @ | > j a guy OF all Mla id — 
«vaeges (OU) Ems “TROL daewie i “Ines seq Or. Sc tenes nd ~ att 


Ra OMb aoek anor! emaRTEA I~ leery Lathe rat 6.2 se a et 


Seer rq Ta errr), on a todd eraeth 
oe 7 
at iva> Qtfead lease saihumge fadut Ove bece seyc neon 


OO 


ad 7 6% 
nei © oe woh tans ely 302 he aon. aeae of? Tacha o beeonnath! mate 
_ 
lalrey snail: Gee" aps Lange ene paameas: tera od sti: ia 


a oe 


ayer” meme. nh se abuso Totti *" taps nes karl d's 
oo 


r we PY mips iby tng ove ae Sip atag@te sTAy one 
» pea 
riba ied tna aan aaabviins sietderoad iden 
Ss Rieu onnes2el le “ng he lu’ sseinen9 
- i we a ee ie - im inno 
7 7 


TABLE I-5 
EXPENDITURE” ON PERSONAL HEALTH CARE- IN 


ALEBRTA, 1957. TO 19770 


Hospital Services 


Total 
Year General and All Personal 
Allied Special Hospitals Health Care 
1957 34 532 47 126 82,863 
1958 38 ,379 Beqel B24 054 
29059 435595 59,899 102,521 
1960 48,994 65,913 112,911 
1961 55,246 7h 465 123 ,899 
1962 62,529 81,728 136,242 
1963 69 ,479 89,953 148 ,143 
1964 7O4D19 98 ,337 159,028 
1965 84,163 LOPT 2 176,680 
1966 99,351 1274 37 202,418 
1967 118 ,144 148 ,552 236,201 
1968 137574 170,754 278,743 
1969° 153,032 189,604 307 ,596 
1970° 173 , 366 2115501 346 ,732 


Saint Thousands of dollars. 


eDreliminary estimates. 


Compiled from Department of National Health and Welfare, 
Research and Statistics Memos, (Ottawa: Research and Statistics 
Directorate). 

1957 to 1967 data from "Expenditures on Personal Health 
Care in the Provinces of Canada, 1957-1969", (1970), Table A9. 
1968 to 1970 data from "Expenditures on Personal Health 

Care in Canada, 1960-1970", (1971), Table 14. 
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TABLE I-6 


PER CAPITA EXPENDITURE ON PERSONAL HEALTH 
CARE IN ALBERTA, 1957 TO 1970 


Hospital Services 


Total 
Year General and All Personal 
Allied Special Hospitals Health Care 
1957 29.54 4O.31 70.88 
1958 SUE69 43.91 76.41 
1959 34.82 4? 8h 81.89 
1960 37.80 50.86 87.12 
1961 41.38 55.78 92.81 
1962 25 bes 59.53 99.23 
1963 49.38 63.93 105.29 
1964 53.47 68.72 111.69 
1965 58.00 74.27 121.76 
1966 67.82 86.78 136.17 
1967 Loels 99.50 158.21 
1968 89.85 111.68 182.30 
1969" 97.91 12st 196.80 
1970 108.08 132.73 216.17 


“Preliminary estimates. 


Compiled from Department of National Health and Welfare, 
Research and Statistics Memos, (Ottawa: Research and Statistics 
Directorate). 

1957 to 1967 data from, "Expenditure on Personal Health 
Care in the Provinces of Canada, 1957-1969", (1970), Table A20. 
1968 to 1970 data from, "Expenditure on Personal Health 

Care in Canada 1960-1970", (1971), Tables 26, 30 and 34. 
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considerably less than those for Canada as a whole. 


Reaction to the Increasing Expenditures 


During 1970, the Economic Council of Canada estimated that if 
the increases in expenditures for health care and education continued 
into the future at the same rates as during the period 1965 to 1970, 
that before the year 2000, "these two areas of activity alone would 
absorb the entire potential national product". 

Increases in health costs have aroused a considerable degree of 
concern in the governments of Canada, especially at the provincial 
level. Generally, expenditures for health care represent the second 
largest segment of a provincial government's budget after education. 
In Alberta the provincial government allocated approximately 25 per 
cent of its budget for the provision of health services in 1971.7 
The Government of Alberta, as have other provincial governments, has 
opted for a policy of cost control in the provision of health services 


in an effort to restrain the annual rate of increase in health care 


expenditures. 


enonic Council of Canada, Seventh Annual Report, P. 38. 


srg Henderson, Health Care Delivery in Alberta: Future Pros- 
pects, a paper presented to the Health Services Administration Progran, 
University of Alberta, (January, 1971), P. 2. 


JeD. Henderson, Health C Delivery in Alberta, P. 2. 
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The concern of government about rapidly increasing expendi- 
tures in health arises from the fact that provincial and national 
resources are not limitless. Casual observation indicates that the 
proportion of its resources which a nation is prepared to allocate to 
the provision of health services appears to be a great deal less than 
100 per cent. It may now be that the wnbeie government interest in 
rising health costs indicates that health expenditures are beginning 
to approach their maximum acceptable level in proportion to the nation's 
total current resources. Perhaps future increases in health care ex- 
penditures may be only as great as any increase in the nation's total 
resources. It may now be the case that, "new or expanded services can 
only be anticipated as the result of greater efficiency within the 


overall (health) system." 


Government Actions 

The rapidly rising cost of health and hospital care is stimul- 
ating a great deal of governmental and academic study and analysis of 
the problem. In November, 1968, the Conference of Ministers of Health 
of Canada established the Committee on Costs of Health Services. The 
Committee appointed seven task forces composed of people from the 
health field to investigate specific problem areas. Four task forces 
reviewed various aspects of the costs of hospital services and three 


reviewed medical services. The reports of the task forces are summa- 


73.D. Henderson, Health Care Delivery in Alberta, P.3. 
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rized in the Committee Report of November, 1969. 

The Task Force Report represents the first attempt in Canada 
to discuss the problem of rising health and hospital costs. It has 
been observed about the reports that: "They identify a great man 
specific sources of industry malfunction. Unfortunately the economic 
innocence of the Report disables it from developing any consistent 
theory or explanation as to why the decision-makers in the (health) 

_ industry behave as they do and thus greatly reduces its ability to 
recommend effective improvements"'.” 

The Provinces of Ontario and Quebec have both recently conducted 
reviews and analyses of their total health service systems with a view 
to ensuring the delivery of comprehensive health services at reasonable 
eosts..° The Ontario report includes economic analyses of various 
parts; of the health care sector. | but neither report specifically 


discusses the economic factors operative in the hospital sub-sector. 


8 


The Task Force Reports on The Cost of Health Services in Canada, 


(Ottawa: Queen's Printer, 1969). 


PRG. Evans and W.D. Walker, Public Policy Problems in the 
Canadian Health Services Industry, (Vancouver: U.B.C. Department of 


Economics, 1670). eos 


Were ort of the Ontario Committee on the Healing Arts, (Toronto: 
Queen's Printer, 1970); and Report of the Commission of Inquiry on 
Health and Social Welfare, Part 2, Vol.IV, "Health", (Quebec City: 
Quebec Official Publisher, 1970). 


eee Fraser, Selected Economic Aspects of the Health Care 
Sector in Ontario, A Study for the Committee on the Healing Arts, 


(Toronto: Queen's Printer, 1970). 
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In Alberta the government has demonstrated its concern over 
the rapidly escalating costs of health by merging the Departments 


of Health and Social Development so as to achieve a co-ordinated and 


Wy) 


integrated government administration of these areas. The Albert 
Hospital Services Commission was created in order to plan and ad- 
minister the hospital system in the province. One of its main func- 
tions is to retard the rapid growth rate of government expenditures 
made to provide hospital services.* 

The health care sector (and the hospital sub-sector) of the 
economy has only recently interested economists as an area for em- 
pirical study. During the past decade the number of economic studies 
in fhe health sector has substantially increased. Academic interest 
developed as health expenditures annually consumed more of the nation's 
resources and governments became more determined to interject economic 
considerations into the process by which resources are allocated in 


the health sector. 


The Purpose of the Thesis 


This thesis attempts to shed light upon the question: Does 
there exist a unique hospital size which can be said to be optimal? 
The purpose of this thesis is to consider the pertinent, available 


economic literature related to this question and to evaluate it with 


= i J. Bradley, Chairman, Alberta Hospital Services Commission, 


private interview, Edmonton, August 1971. 
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regard to its behavioural assumptions, methods and results. Finally, 
the portent for public policy of the conclusions in the literature 


shall be considered. 


Format 


Chapter II consists of a discussion of the theories of pro- 
duction and cost. Chapter III surveys the economic literature dealing 
with cost relationships in general acute hospitals. In Chapter IV an 
analytical discussion of the literature is presented. The final chap- 
ter, Chapter V, contains a brief summary, some observations and con- 


clusions as well as recommendations for future research directions. 
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CHAPTER II 


THE THEORIES OF PRODUCTION AND COST. 


This Chapter consists of a brief review of the Theories of 


Production and Cost. 


The Theory of Production 


The term 'production' in economics refers to any process which 
changes a commodity or commodities into a different commodity. | Two 
commodities are different if they are not regarded by consumers as 
being completely interchangeable. A production process generally 
requires more than one input. These are usually of different qualities 


depending upon the nature of the final good or service. 


The Production Function 
A production function refers to, "the physical relation between 
a firm's inputs of resource and its output of goods or services per 


unit of time, leaving prices patie It is defined as "a schedule 


Tkelvin Lancaster, Introduction to Microeconomics, (Chicago: 
Rand McNally & Co., 1964), P.59. 


“Richard H. Leftwich, The Price System and Resource Allocation, 
(Hinsdale, III.: Dryden Press Inc., 1970), P. 116. 
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(or table or mathematical equation) showing the maximum amount of 
output that can be produced from any specific set of inputs, given 
the existing Pecuneloame | 


A production process may be fully expressed by the production 


function of the form: 
Oe fF (Ki Ly M) 


where Q represents output, K all capital inputs, L all labour inputs 
and M all other inputs. There are a variety of differentiated in- 
puts included within each of these three classifications. Therefore, 


the general form of the production function can be expressed: 


Q=f (%, Xx side eaten) 


Poe ee 


Q is the output and X 


qe alice x refers to all of the various in- 


puts. 
It is improbable that in the real world any production process 


exists in which there is only one input as in the case: 
Gr oa) 


Most production functions require a variety of inputs. It is highly 
unlikely that all of the inputs will vary simultaneously and in like 
proportions. Inputs generally vary at different rates over time. 

For example, it is usually faster to increase the labour input of a 
production process than it is to construct a new physical plant when 


an increase in output is required. Within some lengthy period of 


“C0. Ferguson, Microeconomic Theory, (Homewood I1l.: Richard 
D. Irwin, Inc., 1969), P.118. 
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time, however, it may be expected that all inputs will vary; - no 
matter how unalterable they may appear to be. That period of time 
within which every input in a particular segte io is 
variable is referred to as the 'long-run'. Any period of time 
within which one or more inputs is fixed - (does not vary) - is 


referred to as the short-run. 


The Short—Run 

In planning the short-run operation of most production pro- 
cesses, planners face a set of production curves similar in shape 
to those depicted in Figure 1. These curves represent the output 
produced when there are two or more inputs but only one of these 
factors of production is allowed to vary within the period under 
consideration; the other inputs remain constant. The production 


function in tiis-srtustion“is: 


Q=f (L, K = K, M=M™) 


where capital (K) and the remaining inputs (M) are considered to be 
constant. This production function reflects the economic 'law' of 
Diminishing Marginal Returns which is an axiom that states that: 
"Tf equal increments of an input are added, the quantities of other 
inputs held constant, the resulting increments to product will de- 


crease beyond some point: that is the marginal product of the input 


*Rawin Mansfield, Microeconomics, (New York: W.W. Norton & Co. 
Iyer, 2970) Fs 117s 
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FIGURE 1] 


PRODUCT CURVES AND THE 
STAGES OF PRODUCTION 


Product 
Q 


Stage I Stage II Stage III 


Input (i) 


Product per 
Unit of 
Input 


7 


AP 


Input (L) 
Pp Pp 


Oe i=2en is 
mule pa —— 


will diminish." (The law assumes that the level of technology does 
not change and that there are at least two inputs.) 

Figure 1 illustrates the short-run eiperael ie It shows the 
total product initially increases rapidly as increasing amounts of 
the variable input are combined with the fixed inputs. Eventually, 
the law of diminishing marginal returns begins to take effect and the 
total product begins to increase at a declining rate, finally 
decreasing as more units of the variable input are added. Figure 1 
illustrates the relationship between the total, average and marginal 
products of the variable input. The marginal product of an input is 
always equal to its average product at the maximum level attained by 
the average product. When the marginal product of an input becomes 
less than zero, then the total product begins to decrease. 

The average product represents the average amount of output 
derived from using a certain amount of variable input in the production 
process. It is calculated by dividing the total product by the number 


of units of input required to produce it (AP = ). The marginal 


L 
product represents the change in output which results from a change in 


the variable input. It is calculated by dividing the change in the 


total product by the associated change in the variable input (MP = 


The Stages of Production 


"Me relations among total, average and marginal products are 
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used to define three stages of paacuesvbue ye Figure 1 illustrates 
these three stages. 

In stage I the average return to a unit of variable input 
(i.e. average product) increases as more units of the variable input 


Vi 


are added. The average product reaches its maximum at the level of 
production eee, by the division line between stages I and II. 
A rational producer would not operate in stage I because the average 
product of each additional unit of the variable input is greater than 
the one before. 

In stage III, if additional units of the variable input are 
added, the result is a decrease in the total amount of output produced. 
The variable input is combined in uneconomically large proportions with 
the fixed input(s). In stage III the marginal product of the variable 
input lisinegative cand total product as declining. “ven ifthe cost ef 
the variable input(s) was zero, the rational producer would not operate 
anywhere in stage III because to do so would result in declining out- 
mire 

The rational producer in the short-run operates somewhere within 
stage II; between the point of maximum average product and zero marginal 
product of the variable input. Before one can predict the specific 


level at which a production process will operate in the short-run, the 


costs of the various input factors need to be known. 


Ferguson, Microeconomic Theory, P. 130. 
tid. 
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The Long-Run 

In the long-run the shapes of the product curves are deter- 
mined by the effects of Economies and Diseconomies of Scale. In the 
long-run every input into a production process can be varied and the 
producer may arrange them in optimal proportions. 
Isoquants 

"An isoquant is a curve showing all possible (efficient) com- 
ERE OR EE ee inputs that are capable of producing a certain quantity 
of Sutpuene A number of isoquants are shown in Figure 2 and each of 
qi: dos ne and qn represents a different output rate. Figure 2 shows 
the different combinations of two resources, labour and capital, with 
which a firm can produce equal amounts of output. For example, points 
along isoquant qy show the combinations of labour and capital, which 
will produce qy Unite, of outputs Production will be qa units both 
when K. units of capital and L, units of labour are used and also when 


as i 


K, units and L, units of capital and labour are used. A greater amount 
of output is represented by a higher isoquant such as qi 

In isoquant mapping it is assumed that the most efficient tech- 
nology available is used in the production process. Two isoquants, 
therefore, will not intersect. If two isoquants were to intersect it 
would mean that two different quantities of output could be produced 
by the same combination of resources, which is impossible under the 


: 10 
assumption. 


"Mansfield, Microeconomic Theory, P. 13. 


10pi chard H. Leftwich, The Price Svstem and Resource Allocation, 
: ‘ 3 3 o Lae Aa gE FSR 
(New York: Holt, Rinehart & Winston, 1961), P. 128. 
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FULL ISOQUANT MAP AND THE 


RELEVANT RANGE OF PRODUCTION 
ee ee 


Labour 


NM 


\N 


Isoquants slope downward to the right and they are generally 
convex to the érigin.*t The downward slope to the right results 
because resource inputs can be technical ee for one another 
in a production process. When resources are technical substitutes, 
and less of one is used, then more of the other input must be used 
to compensate for the loss and so maintain the level of production. 
Isoquants tend to be convex because resources are generally not per- 
fect technical substitutes for one another. For example, the more 
labour and the less capital used in a production process, the more 
difficult it becomes to substitute additional labour for capital. 

This reflects the Principle of the Diminishing Marginal Rate of 
Technical Substitution. 

In Figure 2 the Line 0C is a 'ray'. Such a ray from the origin 
defines a constant ratio of the inputs for a production BOoteets 
In moving along the ray from O towards C, the level of output changes 
but the input ratio remains constant. 

The Economic Region of Production 

Generally, isoquants possess negative slopes but they may possess 
positively sloped segments. In Figure 2 the segments of the isoquants 
above OA and below OB have positive slopes which indicate that increases 
in both capital and labour are necessary to maintain a certain level of 
production. A rational producer would not operate in these two regions 


because the same output can be produced with less of both inputs and so 


= 
arora. 


ae ni ; 
Ferguson, Microeconomic Theory, P. 153. 
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for less cost. The zone between OA and OB has been referred to as 
the "economic region of production!” and it corresponds to stage II 
of the three stages of production, discussed above. 
Po abaaloay and Technological Change 

Technology has been defined as "Society's pool of knowledge 
regarding the industrial arts. 1s The level of technology available 
in a society sets a limit upon the amounts and the types of commodities 
which can be produced from a given amount of resources. Part I of 
Figure 3 depicts the limit which the level of technology imposes on 
a production process. Isoquant B in Part I illustrates the maximum 
level of output that a particular production process may achieve, no 
matter how the combinations of labour and capital are varied when there 
is no change in the technology employed in the process and the total 
amount of resource inputs used does not change. The higher level of 
production represented by isoquant Cis unobtainable unless there is a 
change in the level of technology or an increase in the amount of 
capital and/or labour utilized in the production process. 

", 2. . One of the most important ways that economic welfare is 
increased is through the alteration of production functions due to 


Ny) 


technological change". Technological change results from advances 


in knowledge. It takes such forms as: 


a) new methods of producing existing products; 


I enor tend. Microeconomics, P. 135. 
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NEUTRAL TECHNOLOGICAL CHANGE 
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b) new techniques of organization and management; and 
c) new produce. 

The effects of technological change (es referred to as 
increases in the level of technology) are illustrated by comparing Parts 
I and II of Figure 3. Part I shows the level of production possible 
before a change in technology is developed. Isoquant B represents the 
highest level of output which can be obtained from the capital and 
. labour combinations given the constraints of technology and limited re- 
sources. Part II demonstrates the effect of technological change upon 
the levels of production. The isoquants have shifted toward the origin. 
Isoquant B in both Parts I and II represents an identical level of pro- 
duction, however, in Part II, after technological change has occurred, 
less input of resources is required to achieve isoquant B. If the 
identical amount of combined resources continued to be expended in pro- 
duction after the increase occurred in the level of technology, then 
total possible output would rise to isoquant C. Isoquant C represents 
the new maximum level of output possible from the given resources at 
the new level of technology. 

The technological change depicted in Figure 3 is a neutral one. 
It is described as neutral because the ratio of capital to labour re- 
mains unchanged where there is an improvement in the technology. In 
other words, the marginal products of both capital and labour have 


increased by the same perecniece. | @ In Figure 3, Part if, the distance 
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between the isoquants remains the same throughout for each level of 


output. 
Technological change may be biased in that it may be described 
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either as capital-using or labour-using The two parts of Figure 4 
illustrate each of the cases of biased technological change. Capital- 
using technological change occurs when, at a constant capital-labour 
ratio the marginal product of capital increases relative to the mar- 
ginal product of labour. Such an instance may be represented by the 
Situation in which a mechanized and automated process is altered with 
the result that total output is increased. As Part I of Figure 4 

shows, in the instance of capital-using technological change, the slope 
of the isoquants decreases as one moves toward the origin. This implies 


that there is a decline in the marginal rate of technical substitution; 


MV 
SE = 
K 

Similarly, Part II of Figure 4 illustrates the isoquants in cases 
of labour-using technological change. Improvement in plant layouts and 
the use of higher level management skills are examples of the factors 
which may contribute to an increase in the marginal product for labour 
relative to that for capital in instances of labour-using technological 
change. In this case the slope of the isoquants increase as one moves 


toward the origin and this reflects an increase in the marginal rate of 


technical substitution. 
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FIGURE 4 


BIASED TECHNOLOGICAL CHANGES 


Capital C I Capital-Using 
Technological 


RB Change 
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Capital II Labour-Using 
Technological 
Change 
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Change in the level of technology is an ongoing process. The 
development of new, more efficient and more desirable products is as 
continuous as the increase of productive capacity. Over the long run, 
isoquants tend to shift to the left as changes in the level of tech- 
nology are implemented. 

Returns to Scale 

At a given level of technology the maximum level of output per 
unit of time which a firm can achieve is determined by the scale of 
the plant used in the process. "The quantities of fixed resources 
used determine the size of the firm's plant, or ite scale of plant".+? 
The scale of the plant can be altered in the long run. The change 
which occurs in the level of production as a result of change in the 
size of plant is referred to as a return to scale. 

There are three types of returns to scale which may be encoun- 
tered as the scale of the plant is altered. Figures 5, 6 and 7 depict 
the three types for production processes in which there are two re- 
source inputs: capital and labour. If the amount of both inputs must 
be doubled in order to double the output then "constant returns to 
scale" are present. Since the quantity of output may be measured by 
the distance of an isoquant from its origin, the isoquants in Figure 5 
illustrate the instance of constant returns to scale. Each of the 
isoquants for outputs of 50, 100 and 150 units intersects any ray from 


the origin, such as OA, at equal distances (OD = DC = CB). 


If the amounts of the inputs required to double the output is less 


G ; 
Leftwich, The Price System and Resource Allocation, (1961), 
Pp « 140 « 
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FIGURE 5 


ISOQUANT MAP ILLUSTRATING 
CONSTANT RETURNS TO SCALE 
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than double then ‘increasing returns to scale' are present. Figure 6 
depicts increasing returns to scale where successive isoquants become 


close together (OD=DC=>CB). Finally 
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igure 7 illustrates the case 
of 'decreasing returns to scale'. Decreasing returns are encountered 
if the amounts of both inputs must be more than doubled in order to 
double the output (OD=DC=CB). 
Economies and Diseconomies of Scale 

A production process generally encounters economies of scale in 
the long-run as it becomes larger. "That is, after adjusting all in- 
puts optimally the unit cost of production can be reduced by increasing 
the size of the miler As scale is increased a number of efficien- 
cies are encountered. There is increased specialization and division 
of labour and the productivity of labour increases accordingly. Ma- 
chines which are interdependent in a process but which have different 
rates of output, may become more productive if increasing scale permits 
them to be arranged in optimal combinations. An increase in output may 
necessitate the acquisition of larger pieces of equipment which enable 
more output to be produced faster. Increased scale may also enable a 
production process to become more automated. Increasing scale enables 
more units of output to be produced from the inputs used. 

The effects of economies of scale are operative over a range of 


plant sizes. The range varies between industries. At some point, 


however, in a production process inefficiencies begin to develop when 


eOPerguson, Microeconomic Theory, P. ell. 
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FIGURE 7 


ISOQUANT MAP ILLUSTRATING 


DECREASING RETURNS TO SCALE 


Capital 


Labour 


scale is increased. The inefficiencies result in diseconomies of 
scale. Initially, the effect of the diseconomies is to decrease the 
rate of increases in production. Eventually, diseconomies of scale 
cause output to actually decrease when the plant becomes very large. 
Communication breakdowns and increasing administrative problems are 
believed to be the cause of the diseconomies of scale often encoun- 
tered in very large production megeeseene 

In an isoquant map showing the total long-run production process, 
it may be anticipated that near the origin the isoquants would get 
closer together as we moved out from the origin. Economies of scale 
would yield increasing returns, initially. Then farther out from the 
origin the intervals between the isoquant would become constant as the 
diseconomies equalled the economies of scale. Moving still farther out 
from the origin, increasing intervals between the isoquants would be 
encountered. Decreasing returns to scale would become predominant as 


the diseconomies became excessive. 
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The Theory of Cost 


The cost of production of any good or service includes more 
than just the total dollar outlay necessary to obtain the resources 


required as inputs for the production process. 


The Nature of Cost 

It has been suggested that there are two legitimate costs of 
production which, under ideal circumstances, are one and the same.“ 
They are the 'social cost of production! and the ‘private cost of 
production'. 

The social cost of production includes those costs which are 
external to the production process and which are borne by society at 
farge.s” It includes the cost of the resources utilized in the pro~ 
duction process. Social costs include ‘external’ costs such as pollu- 
tion, which may be by-products of production. The social cost also 
includes the alternative (or opportunity) cost of society's resources 
that are utilized in a particular production process. The opportunity 
cost of a production process is equal to the value of the goods or ser- 
vices which could be produced by using the same resources in the next 


tee Pio. 


Ferguson suggests that the 'ideal circumstance’ occurs when the 
individual firm or entrepreneur operates in such a manner that the 
economic choices made are those which society would also make. The 
individual firm or entrepreneur maximizes the net benefit accruing to 
society as a consequence of actions taken to soley maximize the net 
benefits for the firm or himself. 
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Society's supply of resources is finite and so society seeks 
to maximize the return it receives when its limited resources are 
expended. There are constraints which inhibit the ability of society 
to maximize its return. These are the constraints of imperfect know- 
ledge regarding the future and also the variety of alternative uses 
to which the resources could be applied. 

The private cost of production refers to the costs incurred by 
the individual entrepreneur in operating a production process. 
The Cost Function 

As with the production process which is best described by the 
production function, the cost of production can also be described by a 
function. The cost function is a schedule, table or mathematical 
equation which shows various relationships between the firm's costs 
and its rate of production. "The firm's production function and the 
prices it pays for inputs determine the firm's cost Punetionctoy The 


cost of production may be expressed mathematically by the general form: 
Goa (Q,P,) LS ye 54 we elt 


where C represents the total cost of production, Q the firm's output 
and P. is the price of the various inputs. 

In using the cost function, the only costs considered are those 
presumed to be the payments that must be made to obtain the resource 


inputs necessary for the production process. The price of each input 


“Ptancaster, Introduction to Microeconomics, P. 94-95. 


2h 


Mansfield, Microeconomics, P. 159. 
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is assumed to be constant no matter what the quantity purchased. It 


is further assumed that in the long-run the inputs can be purchased 


ct 


as and when required in any quantity. These assumptions imply perfec 
competition exists in the input markets.° 
It may be recalled that the production function assumes that any 
production process operates in the manner which is most efficient given 
the existing technology. From the cost point of view a related assump- 
tion is made. "If there are various ways of achieving the same outcome, 
but with different costs, all decision makers in the economy will always 
choose the least-cost method from among those known and available to 
them.!@° It should be noted that the most technically efficient manner 
of producing one unit of output in a given set of circumstances is not 
necessarily the least cost method. The rational firm or enterprise 


Minimizes its costs at each level of production even if it employs a 


technology which is less than optimally efficient. 


The Short-Run 

When planning the short-run operation of a production process, 
most producers operate on cost curves similar to those depicted in 
Figures 8 and 9. 

In the short-run the producer encounters fixed costs. 
Fixed costs represent the total wnavoidable financial obligation 
of the producer during a given period. Fixed costs include such 


items as land, depreciation cost of the physical plant and, 


Sie canter, Introduction to Microeconomics, P.95. 


Orpid, P.96. 
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frequently, the salaries of top management. In Figure 8, the total 
fixed cost curve is a straight line which is parallel to the hori- 
zontal axis. Fixed costs do not vary with the level of output within 
the short-run period. 


The producer also encounters variable costs in the short-run. 


These costs increase as a producer increases his level of output because 


larger quantities of variable resources must be combined with the fixed 
resources to increase production. The shape of the total variable cost 
curve results from increasing and diminishing marginal returns of the 
variable resources. Initially, the amounts of the variable resources 
such as labour are very small in relation to the fixed resources and 
the efficiency of the production process is impaired. As more of the 
variable resources are added, efficiency increases and the rate of 
increase in variable cost lessens. Eventually, if it happens that very 
large amounts of variable resources are combined with the fixed re- 
sources, the law of diminishing marginal returns becomes operative. 
Variable costs begin to increase more rapidly as production increases. 
No matter what size a plant may be, production will reach full capacity 
at some point. Beyond this point output cannot be increased and the 
total variable cost curve begins to go straight up. 

It is possible in a production process for the law of diminishing 
marginal returns to be in effect at every level of output. In such 
a case variable cost rises at an increasing rate because it is more 
costly to produce each subsequent unit of output. (i.e. Marginal cost 
is rising over the total range of output). The total variable cost 


curve in this situation rises continuously throughout its length and, 
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eventually, it goes straight up when full capacity is reached. 

If it should occur that there are constant marginal returns 
in a production process then variable cost will increase at a constan 
rate. (i.e. Marginal cost of production remains at one constant 
level). The total variable cost curve in this special instance will 
be a straight line which runs continuously upward and to the right 
from the origin. , 

Total cost in the short-run represents the sum of the fixed 
and variable costs for each level of output. The total cost curve 
and the total variable cost curve both have the same shape since an 
increase in output increases both variable cost and total cost by 
identical amounts. 

Unit Cost Curves 

There are four types of unit cost curves which need to be con- 
sidered in short-run planning. These curves are plotted in their 
general forms in Figure 9. 

The average fixed cost for the various levels of output is ob- 
tained by dividing the total fixed cost bj, that output. The average 
fixed cost curve always declines as output increases because the total 
fixed cost is spread over more units of output. A producer may reduce 
his average fixed cost by producing more units of output. 

The average variable cost is calculated by dividing the total 
variable cost for each level of output by that amount of output. Tra- 
ditionally the average variable cost curve has a U-shape when plotted. 
This shape occurs because initially, when increasing amount of variable 


inputs are combined with the fixed inputs, increasing marginal returns 
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SHORT-RUN UNIT COST CURVE 


are encountered and output increases faster than the rise in cost. 
As a result, the average variable cost curve declines initially as 
production rises. When diminishing marginal returns are encountered 
at higher levels of production and the ee eres begin to exceed 
the production increases more and more, the average variable cost 
ceases declining Ge to rise. 

The average cost of production is calculated from the total cost 
in a manner similar to the way in which the average variable cost is 
calculated. Traditionally, the average cost curve is also depicted 
as being U-shaped for the same reasons that the average variable cost 
curve is U-shaped. The average variable cost is always less than the 
average cost because fixed costs are included in the average cost. 

"Marginal cost is defined as the change in total cost resulting 


i 


from a one-unit change in output''. The changes form a U-shaped 
curve when plotted, generally. The marginal cost curve bears a unique 
relationship to the average cost curve. MC is less than AC where AC 
is decreasing as output increases. MC is greater than AC where AC is 
increasing as output increases. Therefore, it follows that MC is equal 
to AC at that level of output where AC is a minimum. 
The Optimum Rate of Output 

"That level of output at which the short-run average cost is 


lowest is the output at which a given scale of plant is most 


oceania At the low point on the average cost curve the cost of 


ey Tercwucly, The Price System and Resource Allocation, (1961), 


P. 148. 
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the resource inputs per unit of output is least and at this point the 
optimum rate of output cccurs. There is a short-run optimal output 
level for every scale of plant wherever U-shaped average cost curves 
are present. 

The See of the short-run cost curves reflect the efficiency 


with which resources are used by the producer. 


The Long-Run 
Isocost Curves 

If Capital (K) and labour (L) are the two inputs in a production 
process, the various combinations of each which can be purchased may 
be represented by a straight line. The unit cost of each input and 
also the total dollar outlay allowed for the purchase of these inputs 
by the producer must pbe newts 7 The straight line is called an isocost 
curve. Four isocost curves are illustrated in Figure 10. 

In Figure 10 for purpose of illustration it is assumed that a 
producer is prepared to spend only a finite amount on inputs. This 
amount may be represented by 'C'. If a producer were to only use 
capital in the production process, and Pe represents the unit cost of 
capital, he could purchase pe UnLtS. Of capital. similarly, af he 
only used labour he could only purchase a maximum of sn units. 


Generally, the producer would use some combination of the two inputs 


and so his total expenditure could be expressed as follows: 
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COMBINED ISOQUANT AND ISOCOST MAP 
ea 


Capital 


Labour 
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The isocost curve which joins “/P, and ae shows all of the combin- 
ations of capital and labour which can be purchased for a total outlay 


of C dollars. Kis Lys Kos L. and Koy L, are isocost curves attaineble 


at various other levels of total outlay. 

The problem generally faced by a producer is that of getting the 
greatest amount of anne from the total dollar outlay he is prepared 
to make for resources. In terms of isoquants and isocosts the pro- 
ducer desires to be on the highest possible isoquant which his isocost 
curve will permit. If we. whe is the maximum possible isocost 
curve, the producer will operate at Point A which represents the point 
where the isocost curve is tangent to the highest attainable isoquant. 
By using X units of capital and Y units of labour the producer maxi- 
mizes his output from his total dollar outlay. To use any other comb- 
ination would result in a decrease in total output because any movement 
along the maximum isocost curve away from point A will move the pro- 
ducer down to a lower isoquant. The producer operates so that the 
ratio of the marginal physical product of labour to the price of labour 


is equal to the ratio of the marginal physical product of capital to 


the price of capital. 


This occurs at point A. 
Under certain market conditions a producer may be restricted to 
producing only a certain amount of output. If a producer were re- 


stricted to being able to produce only dz units of output, he would 
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attempt to operate at point A given the set of factor prices. For 
qs output point A represents the least cost combinatzou of resources. 
Long-Run Cost Curves 

The long-run cost curves traditionally possess the general 
shapes as illustrated in Figure 11. Similerly, as with the production 
curves, the Shenee of the long-run cost curves are determined by the 
effects of economies or diseconomies of scale. There are no fixed 
costs or average fixed costs in the long-run since all resources are 
considered to be variable. The long-run may be referred to as a 
‘planning horizon' because decisions which a producer makes for the 
long-run determine the short-run position that the production process 
will occupy in the eee 
Returns to Scale 

Figure 12 depicts the shape and relationship of the cost curves 
of a production process which possesses constant returns to scale. 


Figure 13 illustrates the case of increasing returns to scale and 


Figure 14 the instance where decreasing returns to scale are in effect. 


The Long-Run Average Cost Curve 


of the cost of production. The curve is traditionally considered to 
have a U-shape. It shows the minimum cost per unit of producing at 
aul 


each level of output where any desired scale of plant can be built. 


The lowest point on the curve represents the lowest level of average 
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PP ensfield, Microeconomies, P. 173 and Ferguson, Microeconomic 
THeOry, 2. 190. 
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fansfield, Microeconomics, P. 173. 
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LONG-RUN COST CURVES 
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cost attainable and the point at which the size of the plant e 
optimal. 

It is possible to regard the long-run as a series of alternative 
short-run situations into any one of which the producer can move. 
Figure 15 ae eee five such short-run situations. Each SAC 
curve is the short-run average cost curve for a given scale plant; 
the farther to the right, the larger the scale plant. The solid por- 
tions of the SAC curves form a long-run average cost curve. A pro- 
ducer would never operate on the broken portions of the SAC curves 
in the long-run because he can reduce his average cost by changing 
the scale of the plant. 

In the long-run the scales of plant possible are unlimited. 

For each scale one slightly smaller or slightly larger plant may be 
built. Rather than only the five SAC curves of Figure 15 there is a 
multitude of SAC curves and their solid portions form the solid line 
of the long-run average cost curve. The long-run cost curve is con- 
sidered to be just tangent to the short-run average cost curves of 
each of the many possible scales of plant .°7 

In the long-run increases in production are achieved by the 
construction of larger plants. As mentioned above, the forces causing 
the U-shape of the long-run average cost curve are those of economies 
and diseconomies of scale. When the curve decreases as production 

oot fyicn, The Price System and Resource Allocation, (1961), 
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increases, successively larger plants are more efficient than those 
smaller. The opposite is true when the long-run average cost curv 
is rising. 
The Optimum Scale of Plant 

The optimum scale of plant is the one which is of the most 
efficient scale possible. "The optimum scale of plant is the one 
whose short-run average cost curves forms the minimum point of the 


oe 


long-run average cost curve. tpi eure 1S, SAC), represents the 
optimal scale of plant. 

In cases of continuously increasing returns to scale (i.e. con- 
tinuously decreasing LAC curve), the optimal scale of plant cannot be 
achieved because the production process cannot operate at a high 
enough level to reach the minimum point of the LAC curve. The producer 
has to operate a scale of plant which has higher short-run average 
costs than could be possible if the scale were larger. 

Where decreasing returns to scale are present (i.e. continuously 
increasing LAC curve) the optimal scale of plant also cannot be 
achieved. The level of production can be decreased towards zero out- 
put but output will be equal to zero before the optimal scale of plant 
is reached: 

Figure 16 illustrates the instance of constant returns to scale 
(LAC curve parallel to the horizontal). In this case no one size of 


plant may be considered the most desirable because each SAC curve re- 


presents an optimal scale of plant. 
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The Significance of the Long-Run Average Cost Curve 

The shape of the long-run average cost curve is of great 
significance from the view-point of public policy ee If an 
industry is such that the long-run average cost curve decreases 
continuously (i.e. the curve is L-shaped) up to the level that 
poe eee of the market demand for the output, then there is 
need for only one firm in the industry and competition is not de- 


oe) 


sirable. If there is more than one competing in such an industry, 
the costs of the product would be higher since each firm would not 
be able to produce an output large enough to enable it to reach the 
lowest point on the long-run average cost curve of the industry. 
Traditional economic theory postulates that the optimally-sized 
production process is the one which operates at that level of pro- 
duction which coincides with the lowest point of the U-shaped long- 
run average cost curve. It has been observed in a number of empirical 
studies that in many industries diseconomies of scale do not occur 
within the range of observation currently obtainable. These industries 
appear to possess a long-run average cost curve which is either flat or 
ea In industries such as these the production process of 
optimal size cannot be achieved. 


Whether or not economies and diseconomies of scale occur in the 


production of hospital services is a most important question for those 


I7y 


one a list and brief summary of these studies see either M.S. 
Feldstein, Economic Analysis for Health Service Efficiency, (Amsterdam: 
North Holland Pub. Co., 196 i P. 57-56 or Mansfield, Microeconomics, 
P. 180-182. 


ansfield, Microeconomics, P. 177. 
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who formulate policies and plans regarding the delivery of hospital 
services. If the long-run average cost curve for hospitals possesses 
a U-shape then the optimal size for all hospitals would he known. 
Planners and policy makers could then aim to increase the efficiency 
of the hospital industry by constructing new hospitals of only the 
optimal size and ace dieses the size of the previously existing ones 
to this size. 

The question of what is the shape of hospital cost curves is 


the one with which the literature to be reviewed is concerned. 
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CHAPTER III 


CRITICAL SURVEY OF THE LITERATURE 


The purpose of this chapter is to survey the economic litera- 
ture which deals with cost relationships in general acute hospitals. 
Chapter IV contains a critical examination of the literature. 

The literature. has been categorized for purposes of organization 
in this thesis by two characteristics: a) the nature of the cost 
specification: total or average costs; and b) the nature of the data: 
time-series or cross-sectional. A total of four categories are 
possible: I) Total cost time-series; 

II) ;Total cost cross-sectional; 
III) Average cost cross-sectional; and 
IV) Average cost time-series. 

re Table III-1, the economic literature is arrayed by category 
in the order in which it will be discussed. A number of additional 
characteristics from each piece of literature are also included. Time 
periods in Table III-l are reported as stated in each study where 
available. If not stated, the time period is inferred, firstly,from 
the method of analysis and, secondly,from the conclusions if the method 
was not indicative. In summary, Table III-l is a tabular review of the 
literature. 

Before continuing, the reader should note that, when a specifi- 


cation is reported hereafter, the value of the standard error appears 
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in parentheses immediately beneath each coefficient. The value of the 
't' statistic appears below the standard error with no parentheses. 


Occasionally, the standard error is omitted completely. 


I Total Cost Time=-Series Literature 


Pe Feldstein’ 

Feldstein's work, published in 1961, represents the earliest 
piece of literature in which the technique of regression analysis was 
used to study hospital cost relationships. Other economic analyses 
performed at about the same time used relatively less sophisticated 
eeelanese Little of value appeared in the literature prior to 1961 
regarding hospital cost relationships. 

In the main body of his work, Feldstein estimated a short-run 
total cost function for one 242 bed hospital. He collected operating 
cost data on a monthly basis for over two years. In the linear speci- 
fications, which he estimated for some hospital services, he used 
the patient day as his measure for output. Feldstein acknowledged that 
it was only a surrogate, however. He summed the departmental cost 
estimates to obtain an estimate of the total monthly operating cost of 
the entire hospital. In each of the individual departmental estimates 

anne Feldstein, An Empirical Investigation of the Marginal Cost 
of Hospital Services, Chicago: University of Chicago, 1961), P.1-57. 

one H.E. Klarman, The Economics of Health, (New York: Columbia 
University Press, 1965), C.G. Skinner, "Hospitals and Allied Institu- 
tions", Hospital and Medical Economics, Vol.II, ed. Wed. McNerney et 
al., (Chicago: Hospital Research and Educational Trust, 1962), P. 717- 


868, and D. Saathoff and R. Kurtz, "Cost Per Day Comparisons Don't Do 
The Job", Modern Hospital, Vol. 99, 1962, P. 14-16. 
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Feldstein adjusted the cost data to reflect price and wage-rate changes 
during the year. The following equation reflected the cost-output 


relationships: 


TOE = 175-,016.92 + 4.92 PD + 1.56 MSPD + 3.06 OBPD + 3.35 OBD 
eee elO LE 402,50 Se + 5.2) ERO 4-20 Pe eo ee 
+ 250 8.4 + -73 FC, + 7O.e0 T n = 288 


TMOE 


total monthly operating expense, 
PD = patient days per month, 
MSPD = medical and surgical patient days, 
OBPD = obstetrical patient days, 
OBD = number of deliveries, 
LP = laboratory patients, 
XP = radiology patients, 
EKG = EKG patients, 
PT = physical therapy 


patients, 


£ 


OP = number of operations, 
Sy oy = O.R. monthly supplies éxpense, 
FC, 4 = monthly food costs, and 
T = a continuous time variable 


No value was reported for either R or a Each of the coefficients 
reported above was significant at the 5 per cent level in the indivi- 
dual department estimates. 

Feldstein observed that the marginal cost of a medical-surgical 
patient day was $6.48 (PD + MSPD) and that of an obstetrical patient 
day was $7.98 (PD + OBPD). During the particular year he studied, the 
average cost of a patient day was $28.79. He, therefore, concluded 


that marginal cost was approximately 21 to 27 per cent of average 
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operating cost. Since marginal cost was so much less than average 
cost, Feldstein concluded that the hospital was operating on the 
declining portion of the short-run average cost curve. The hospital 
was not. experiencing diminishing marginal returns at its size of 242 
beds. Feldstein felt that future studies of hospital costs should 
concentrate on establishing the shape of the average cost curve for 
each department in individual hospitals. This approach would, 


"N--- provide administrators with the knowledge necessary to operate 


n 2 


their hospitals as efficiently as possible". 


Ii Total Cost Cross-Sectional Literature 


Paul renee 

In an appendix to the study discussed above, Feldstein specified 
- a linear relationship between total operating expense per year (TOE) 
and the number of patient days per year (PD). He used cost data 
gathered from sixty U.S. general hospitals during one year. When a 


regression line was fitted to the data he obtained the following result: 


TOE = 267,692 + 22.86 (PD) R=.92 
(2.28) n= 60 
V769 


The standard error of the coefficient of PD indicated that the result 


was Significant and the 't' statistic, (17.9), when calculated, confirmed 


Pp, de Feldstein, An Emnirical Investication E Pp, 56 id 


*thia., P. 60-64, 
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that it indeed was highly significant at the 1 per cent level. 

Feldstein's conclusion was that because there was a positive 
constant in the total cost equation, marginal cost was less than average 
cost, and therefore, the long-run average cost curve was decreasing 
over the range of hospitals included in the sample; i.e. 48 to 453 
beds. 

Harold Cohen 516 

Two studies by Cohen are considered in this thesis. 

In a 1967 study, Cohen discarded the patient day as an accept- 
able measure of output and developed a composite measure (s*) as an 
output surrogate. In doing this, he extended the development of a 
concept initially described by Saathoff and areal Cohen weighted 
thirteen selected hospital services by their relative average costs, 
Ssesiening a volue of 'l'ete the ‘adult and pediatrics day'. He derived 
his ee cost data from direct operating costs and quantity 
statistics for these selected services from twenty-three New York City 
hospitals which were members of the United Hospital Fund. 


: k ; 
Cohen recognized that S was not an all inclusive measure of the 


HLA. Cohen, "Variations in Costs Among Hospitals of Different 
Sizes", Southern Economic Journal, Vol.35, No.3, Jan., 1967, P.335-356. 


aera: Cohen, "Hospital Cost Curves With Eniphasis on Measuring 
Patient Care Output", Empirical Studies in Health Economics, ed. H.E. 
Klarman, (Baltimore: Johns Hopkins Press, 1970), P. 279-293. 


’D, Saathoff and R. Kurtz, "Cost Per Day Comparisons Don't Do The 
dab. 
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RAs SNe aes ee eee yes Re ests neve F 
; however, he used it to estimate tw 


variety of hospital services 
total cost functions. His purpose was to determine which size 
hospital provided ‘ordinary patient care' most efficiently. 

Intthe first specification, Cohen used total dee data from 
the twenty-three hospitals from which he computed a Secondly, he 
estimated a similar function using cost data gathered from fifty- 
three hospitals located in six north-eastern Sateek He again em- 
ployed aa as output. In the second estimate Cohen also attempted to 
adjust the total cost data for inter-hospital wage differentials be- 
cause he felt that variations in salaries were induced exogenously to 
hospitals by factors other than size. He adjusted by eliminating cost 
differences attributable to variations in the starting salaries of 


each hospital. 


The results of his two analyses were: 


1) TC = 499,446.3 + 17.16104 s* + .00002395 (gE Reeeoens 
(2.33257) (.000005512) n= 23 
TES 43 
2) TC = 88,802.6 + 19.09026 gk 4 - 000013066 (ce R =.9679 
(176727) ( .000003908 ) n = 53 


Wey 33 
Cohen reported only the standard errors; however, when computed the 
't' statistic demonstrated that both coefficients in each of the equa- 
tions were significant at the 1 per cent level. It would appear that 
both of these quadratic relationships could have represented an L- 
shaped average cost curve because the is) coefficients were rela- 


tively small, however, Cohen's conclusion was that the curve had a U- 


Cohen sent out survey questionnaires to 399 hospitals in six 
states. Of the fifty-three that responded thirty-five were located 
in New York City. 
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shape. Using a factor to convert the gk values he had calculated, 
Cohen found that the minimum point on the average cost curve fell in 
the 290 to 295 bed range for the first estimate and in the 160 to 170 
bed range for the eee ne 

In 1970 Cohen published a second study estimating the relation- 
ship between total cost and eae He observed that his composite measure 
alone did not adequately reflect differences in output quality between 
hospitals since it implicitly assumed output to be homogenous in all 
hospitals. To control for quality differences he introduced a dummy 
variable into the specification which he made equal to 'l' when a 


hospital was associated with a medical school and equal to 'O' when it 


was not affiliated. The author used cost data from twenty-five New York 


City hospitals which all belonged to the United Hospital Fund. The 


total cost included only the direct costs associated with the services 


offered routinely by these hospitals. All indirect and non-patient care 


costs including capital costs were excluded. 


Cohen's results were: 


TC = 4,100,000 + .000052 (ye eee 
(.000003) n=2 
Lpe® 
. 2 a 
TC = 3,700,000 + .013 (d) + .000049 (Ss) R-=.9 
(.006) (.000004 ) n=2 
eat 12.5 


dots efiitiated 
a=0 : nonaffiliated 


: P ee ; 
cohen used the conversion factor 15 =500 patient days. He 
neglected to provide it in his 1967 study but he provided it in the 
1970 study. The conversion factor was without statistical support. 
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Although Cohen did not report the 't' statistics, when calculated 
they indicated that the values of the coefficients of jee in both 
estimates were highly significant at the 1 per cent Tomere The co- 
efficient of the affiliation dummy was barely significant at the 5 
per cent level. The value of e was only slightly improved by the 
attempt to control for differences in quality. 

After he converted si into terms of beds, Cohen reported that a 
U-shaped average cost curve was indicated by both estimates. It 
reached a minimum point between 560 and 570 beds when the affiliation 
dummy was not used and a minimum point between 540 Se CNES beds when 
the dummy was included in the estimate. Again it was questionable 
that the average cost curve was not actually L-shaped considering 


that the Ce coefficient was so small. 


John Carr and Paul ewe: 


Carr and Feldstein collaborated in an extension and an elabor- 
ee of Feldstein's ork They used operating cost data reported 
to the American Hospital Association by 3,147 non-profit, U.S. general 
hospitals. No adjustment was made to control for depreciation. They 
did adjust their cost data for geographic wage differences by multi- 
plying the number of full-time equivalent employees in each hospital 
by the average yearly wage rate paid by all of the hospitals in the 
sample. This amount they combined with non-payroll costs to give an 


adjusted total cost figure. 


Sakae Carr and P.J. Feldstein, "The Relationship of Cost to 
Hospital Size", Inquiry, Vol.4, No.2, dune, 1967, P. 45-65. 


Ae Feldstein, An Empirical Investigation, P. 60-64. 
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Carr and Feldstein performed two separate analyses of their data. 
In both they specified a total cost function in quadratic form and 
used patient days (PD) to represent size. The ultimate aim of their 
work was to estimate the net effect of hospital — nuponsshexcestqot 
in-hospital care. 

In the first analysis Carr and Feldstein estimated an aggregate, 


long-run, total cost function for their sample. They included eight 


measures of service capability in the specification as dummy variables. 


S - number of services and facilities available. 


S.PD = the number of services and facilities times the number of 
patient days. 


OPV = the number of outpatient visits. 
NS == the presence of a professional school of nursing. 
N - the number of student nurses. 


IRP = the number of types of internship and residency programs 
offered. 


IR - the number of interns and residents. 
MS — ~ pariesilsieyesioral Waele el jeyobiversul ferelayeyenlA 


The estimate of the total cost function was: 


TC = -307,568 + 34.70 PD + .0000351 (PD)* ~.4l. (8.PD) + 23,166 NS 


(1.19) ( 0000029) (207) CALS 5Ose 
29.1 ipereh 44 75 
+5,034 IR + 33,827 S + 4.81 OPV = 1,805 N + 55,347 IRP 
(617) (3,619) (.34) (295) (5,480) 
oe O55 14 6.1 10.1 
+174,796 MS R=.947 
(43,744) n=35 i472 
Biel? 


Although Carr and Feldstein did not report any 't!' statistics, 


when calculated they confirmed that all of the coefficients were 
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Significant at the 1 per cent level except NS the result for which was 
not significant even at the 5 per cent level. They attributed the un- 
expected negative constant to a high degree of correlation between the 
various independent variables. They calculated an estimate of the 
average cost function by dividing the coefficients of PD, PD* and the 
constant by the total number of patient days per year. The other in- 
dependent variables were not included in this calculation. The average 
cost equation which resulted provided a U-shaped curve which reached 
its minimum point at 190 beds. 

In a second analysis Carr and Feldstein stratified their sample 
into five service-capability groups according to the number of services 
offered by each hospital. In doing this, they expected to limit the 
effect which the number of services had on the cost-size relationship. 
For each of the five groups they estimated a total cost function using 
the same independent variables as in the first analysis omitting only 
S. The net result of the stratification was to produce five short-run 
eine Table III-2 reports their results for the constant term, 
PD and Ppe in each group. 

The coefficients of PD were all highly significant at the 1 per 
cent level except for the PD coefficient of Group e which was only 
significant at the 5 per cent level. The coefficient of ppm was signi- 


ficant at the 5 per cent level for Group 2 and at the 1 per cent level 


ae the discussion in Chapter II regarding the long-run average 
cost curve and, in particular, Figure 15 which illustrates that the 
long-run average cost curve is composed of a series of short-run curves. 
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for Group 5. The authors converted their results to average cost per 
patient day. They found evidence which indicated that diminishing 
marginal returns occurred only for the larger hospitals in Group 5;- 
the highest service-capability group. It was BS Bae that the level 
of average cost was greater the more services a group contained. 

After considering their results, Carr and Feldstein concluded 


that at the aggregate level, the average cost per day initially fell 


as size increased but probably rose in very large hospitals. 


R.D. Fraser’> 

Fraser was given access to cost data gathered by the Dominion 
Bureau of Statistics from 1,266 'public general and allied special 
hospitals' in Canada. With this data he estimated 290 total cost 
functions, ninety of which were for public general hospitals alone. 

He specified both simple linear and quadratic relationships between 
total cost and the independent variables. 

Fraser used three different measures of total cost in his esti- 
mates: 1) total operating cost plus the sum of the estimated depre- 
ciation on buildings, land, improvements and major equipment; 2) total 
operating cost plus one-tenth of the total value of plant assets; 2) 
total operating cost alone. In addition, he considered four different 
measures of output in his analyses: 1) patient-days; 2) the number of 


admissions; 3) the rated bed capacity; and 4) the composite measure 


on Dp, Fraser, Canadian Hospital Costs and Efficienc Special 


Study No. 13, Prepared for the Economic Council of Canada, (Ottawa: 
Information Canada, 1971). In his first estimate of total cost Fraser 
included depreciation of land. Under normal accounting practice land 


is normally not depreciated. 
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of output (S~) developed by H.A. Cohen described aber In some of 
his equations Fraser included dummy variables to represent the pre- 


sence of training programs for nurses and interns as surroge 
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presenting quality. He also included 
variable to indicate the presence of rigid patterns of patient movement 
through hospitals in some estimates. 

Fraser estimated a number of long-run total cost relationships 
by province in which he used data reflecting the behaviour of all 
Canadian hospitals. He used various combinations of his three measures 
of total cost and his four measures of output. He found that the re- 
sults obtained with the estimates incorporating the composite measure 
of output (s**) were the most supportive of his hypothesis of decreasing 
average cost. He employed the composite measure in the majority of his 
estimates. 

Fraser grouped the cost data for acute care general hospitals and 
then estimated ninety total cost relationships using only SE for output. 
All but nine included a measure of capital cost. He stratified his 
sample into nine groups according to bed size and, in effect, analyzed 
nine short-run eityations. > The groups were as follows: 1-9 beds, 
10-24 beds, 25-49 beds, 50-99 beds, 100-199 beds, 200-299 beds, 300-499 


beds, 500-999 beds and 1,000 beds or more. 


i 
Sizes". 


1 appendix A contains the ten tables of results obtained by 
. Fraser in his analysis of acute care general hospitals in Canada. 


H.A. Cohen, "Variations in Costs Among Hospitals of Different 
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Fraser's results indicated that in simple linear estimates the 
values of the coefficients of g* were generally large and highly 
Significant at the 1 per cent level for every size hospital. Only 
the group of 1,000 beds or more had some coefficients which were not 
at all significant. The estimates of the quadratic relationship pro- 
duced results which indicated that the coefficients of gk were generally 
large and significant at the 5 per cent level except for the two groups 
of 300-499 beds and 500-999. The coefficients of (skye were frequently 
negative but in almost every instance, whether positive or negative, 
they were not significant at the 5 per cent level. Fraser's results 
indicated that total operating costs were generally rising at a de- 
creasing rate for almost every size general hospital in Canada. There 
was not any major difference between the results using operating cost 
and those which also included capital costs. 

Fraser concluded that it would not be unlikely if decreasing 
long-run average cost curves generally existed for Canadian general 
hospitals. This conclusion was at odds with that of Cohen who concluded 
that the average cost curve had a U-shape and that an optimum level of 
output existed. Both Cohen and Fraser used 3 to represent output, 
both specified quadratic total cost relationships and for both their 
results were significant. Fraser did, however, have a larger sample 
which likely contained far more small and non-urban hospitals than did 
Cohen's sample. Fraser's sample also likely contained fewer large size 
hospitals. It could also be that large Canadian hospitals do not ap- 
se the size of their American counterparts particularly in a large 


urban center such as New York City. Fraser disaggregated his data into 
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nine size categories whereas Cohen retained an aggregate approach. 
It is possible that their different results were related to some of 


the differences in data, samples or technique. 


Joseph Ae 


Kushner prepared two estimates of a total cost function utilizing 
data which reflected the operations of acute care general hospitals in 
Ontario. 

Kushner restricted his sample in his first estimate to include 
only the ninety-five accredited hospitals of Ontario. By doing this, he 
hoped to obtain a relatively more homogeneous sample with regard to 
quality of output. He attempted to further increase the homogeneity 
of his cost data by excluding amounts equal to the costs of providing 
medical and other treatment services and education from the total cost 
figure for each hospital. Kushner arbitrarily allocated hospital costs, 
and found that treatment services represented 26 per cent of the total 
and education 4 per cent. The remaining 70 per cent he described as 
‘hotel costs' (THC). He adjusted these hotel costs to include an allow- 
ance for depreciation on plant and equipment. He anticipated that by 
using hotel costs in his analysis he could eliminate cost variations 
which were not directly related to the size of a hospital but rather to 
the type of patients, to their illnesses and to education programs with- 


in: die iMetilculvidn. 


- Jd. Kushner, Economies of Scale in the General Hospital Industry, 
Unpublished Ph.D. Disertation, (London, Ontario: University of Western 
Ontario, 1969). 
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Kushner developed his own measure of output, the adjusted 
patient day (APD). It was equivalent to the sum of the patient days 
per year plus a reine equal to seventy-five per cent of the empty beds 
maintained during a year by a hospital. He implicitly assumed that 
some output was always being produced in a hospital whether or not 
there eeren, patients. In his estimate of the relationship between 
total hotel costs and adjusted patient days, Kushner specified a poly- 
nomial relationship of the third degree. No other independent vari- 
ables were included in the equation. 


THC = 23.20 APD - .00007593 APD“ + .0000000003025 APD” Ba=0 
19.79 -4.098 4594 n 


Kushner reported the 't' values for each of the three APD terms 
in the estimate. Each estimated coefficient was significant at the l 
per cent level. His result supported his hypothesis that the long-run 
average cost curve’/for all hospitals was U-shaped. The curve reached 
its minimum point at 359 beds. 

In the second analysis, Kushner again specified a total cost 
relationship of the third degree. He used data gathered from all 179 
Ontario general hospitals but he did not adjust for any factor in- 
cluding the cost of capital. He used the term potential patient days 
(PPD) to represent size. He felt that PPD reflected the actual number 
of beds set up. 

Initially, Kushner specified an equation of fifteen independent 
variables which Ae output «im eight service areas. The rest 
were dummies used to represent quality. Kushner estimated a relation- 


ship and then proceeded to alter it into the form he felt it should 
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"logically' take. His fourth and final estimate upon which he based 


his conclusions was: 


Ursa 9.6 MED + "6,200 MAT = 1 h2¢ 
-.1674 1.46 -h1 


enna Q2 0 Aan L aha 1D 
D PAED - 8,877 CONV - 14,840 CHR 
£5 -.7592 _ 


+ 2,504 OCC.+ 739,300 MS + 2,299 GN + 35.68 PPD - sOC02595- PPD 


Leek 6.062 1.037 20.76 1.973 
+ .00000000009031 PPD? R= 98889 
3.696 n= 179 


where MED = ratio of medical patients to total patients, 
MAT = ratio of maternity patients to total patients, 
PAED = ratio of paediatric patients to total patients, 
CONV = ratio of convelescent patients to total patients, 
CHR = ratio of chronic patients to total patients, 


OCC = occupancy rate, 


MS = presence of a medical school; and 
GN = ratio of graduate nurses to total nursing staff. 
3 


The coefficients of PPD and PPD” were both significant at the 1 


per cent level; the PPD coefficient was highly significant. The PPD“ 
coefficient was not significant at the 5 per cent level. Of the other 
independent variables only MS and CHR were significant. The shape of 
the total cost curve was similar to the first one estimated by Kushner. 
He concluded again that the long-run average cost curve was U-shaped 
and that in this case, the minimum level was 348 beds. 


Kushner considered both of his results and concluded that the 


optimum hospital size was somewhere within the 300 to 500 bed range. 
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III Average Cost Cross-Sectional Literature 
M. L. Ingbar and L. D. Teglor ( 
Ingbar and Taylor performed two separate aggregate analyses of 
hospital average cost. They had access to a wide range of cost infor- 
mation supplied by the accredited general hospitals of Massachusettes 
which ranged in size from thirty-one beds to 331. Initially, the 
authors hypothesized that over 100 variables might affect hospital 
costs. They reduced these variables to six factors which by themselves 
accounted for much of the variation in the original list of variables. 
The six factors were used as the independent variables in the speci- 


fication. The six were: 


Y = hospital service expense per patient day (PD), 
aes = medical and surgical physical expense per PD, 
Song = weighted operations per PD, 

See = outpatient radiological weighted films per PD, 
Soo = private patient days per PD, 

X39 = beds; and 


Kee = occupancy rate. 

The data did not reflect capital costs. 

In the first analysis Ingbar and Taylor specified a quadratic 
relationship. They used cost data gathered from seventy-two hospitals 
combined for the two years of 1958 and 1959. In a second estimate they 


specified a similar relationship and used combined costs for the years 


Bout. Ingbar and L.D. Taylor, Hospital Costs in Massachusettes, 
(Cambridge, Mass.: Harvard University Press, 1963). 
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1962 and 1963 from sixty-seven hospitals. The result for the first 


estimate was: 


tee OwG i .0 Oe Cee, es 02. (85) + 13794 (655) 4 Ae 
: (5) Gee) i) ea 
Lh .35 3.60 5.98 1.99 
2 2 
eS 1S TSI) = 15555 CK) R’=.568 
Giles) > Ger > ©) Gissy © n= 72 
2.04 2.15 3.34 


The second estimate yielded the following specification: 


Y, = POsog + 6.57 (Ge). 4) Were sos 


) ae ese, (Soo) + 16.77 (s ) 


(96) a2 (Gitre) Ae ee) isa 
3.35 he Sh Li 2.19 
2 2 
eater Mane Olt ara asx s.) Aq= a8 
(3.37) *38 (3.00) 38 (7520) 66 n = 67 
Pols 1,08 ste) 


The results indicated that the average cost curve had an inverted 
U-shape which peaked at 150 and 190 beds respectively when 1958-9 and 
1962-3 data were used. The variables representing size (X52) and (Xeg)° 
were both significant at the 5 per cent level in the first estimate but 
neither was significant in the second estimate. The inverted U-shape 
was contrary to the expectation of Ingbar and Taylor. They concluded, 
however, that since the inverted U was relatively shallow and since the 
coefficients in the second estimate were not significant, the results 
were of questionable value for purposes of policy formulation. They 
speculated that their results reflected the fact that hospitals in the 
150 to 200 bed range might have been providing more services than was 


necessary for maximum efficiency. 
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Ralph cera 

For his study Berry used cost data from 5,293 non-federal, 
short-term U.S. general hospitals. He observed that in investi 
the existence of economies of scale in the hospital field the patient 
day should not be used as a measure of output. Since large hospitals 
generally offer cee services than do small ones, he argued that to 
compare hospitals on the basis of their cost per patient day was to 
actually compare the cost of a variety of different 'products'. In his 
analysis Berry attempted to reduce the variety of products by strati- 
fying his sample population. 

Berry observed that an inter-relationship existed between hospital 
Size, average cost and scope of services. Since his aim was to examine 
the effect of size on average costs, he attempted to eliminate the ef- 
fect which scope of services had on average cost. He stratified the 
sample by grouping the hospitals according to which combination of 
twenty-eight facilities and services each offered. The services and 
facilities included items such as an operating room, a laboratory, a 
delivery room and a pharmacy. EBerry's procedure assumed that in any 
one group all of the hospitals offered a like combination of services 
and facilities, and that each produced service in identical proportions. 

-Out of over 3,000 groups of hospitals Berry used only those 

_which included ten or more hospitals. Although this procedure elimin- 


ated 85 per cent of his original sample population, it provided fourty 


: R.E. Berry, "Returns to Scale in the Production of Hospital 
Services", Health Services Research, Vol.2, No.2., Spring 1967, 
Pes deo L59. 
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groups of hospitals each homogeneous as to services and facilities. 
He specified a simple linear relationship between average cost ver 
patient day (Y) and total patient days (PD). Since he stratified 
his population, he, in effect, estimated fourty short-run average 
variable cost functions. (His results are presented in Table III-3) 

Berry found that in thirty-six of his fourty estimates, 
average cost and patient days were negatively correlated. In the 
same thirty-six estimates, the coefficient of patient days was nega- 
tive. Using a ‘rule of thumb! which required that a coefficient 
just exceed the value of its standard error, Berry concluded that 
twenty-six of the thirty-six negative relationships were 'signifi- 
cant'. Berry made,no conclusions based on the significance of the 
't' values. His conclusion was that since declining average costs 
were present in so many of his estimates that they could only have 
resulted if in fact economies of scale prevailed. 

(When the 't' values are considered, one finds that one esti- 
mate with a positive PD coefficient is significant at the 1 per cent 
Lewes Pee th negative PD coefficients are significant at the l 
per cent level and one negative PD coefficient is significant at the 
5 per cent level. This hardly constitutes overwhelming support for 
Berry's conclusion regarding the prevalance of economies of scale 


in the hospital field.) 
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TABLE III-3 


BERRY'S ESTIMATES OF THE RELATIONSHIP 


BETWEEN AVERAGE COST AND OUTPUT 
ee ee ee 


(Grouped by Like Combinations of Services and Facilities) 
Group Number of Services Estimate t n 
In Common AC= 
inte a a i ne a rt I a ER ES eT Oe eh ae oe 

ak z 29.41-.0003 PD ete 92 
2 6 35.72-.0008 PD Zan 69 
z A 29.05-.0003 PD AS LS 
hy. 8 35.05~.0006 PD Lod 33 
2 8 31.83-.0004 PD 1.05 26 
6 8 37.02=.0006 PD 98 au. 
7) 8 35.62-.0007 PD 1.08 an 
8 8 35.21-.0007 PD 1,63 eu: 
9 5 27 .48-.0001 FD 220 20 
10 Y) 42.41-.0015 PD 1.68 19 
1, 7 36.71-.0012 PD 5.00) + 19 
i2 9 38.95-.0005 PD Von? 18 
is 8 35.92-.0004 PD goles 18 
14 9 33.43-.0006 PD 1.75 aly, 
sg 7 27..83-.0004 PD we57 16 
16 26 58.63-.0001 PD 2.63" 15 
7 8 33.50-.0005 PD 88 15 
18 8 33.58-.0003 PD BS) 15 
19 8 31.48-.0008 PD 1.17 oe 
20 8 37.86=.0008 PD ee 1s 
21 Fi 23.93+.0003 PD 62 14 
22 13 4h 11-.0003 PD deo 13 
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oo= Gipniticant at the 1 per cent Level 


% = Significant at the 5 per cent level 
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Martin Feldstein’? 

In a comprehensive health study, Feldstein devoted one section 
to an analysis of the effects of scale on hospital en cost. He 
gathered his data from a sample of 177 acute non-teaching hospitals in 
England and Wales. The hospitals ranged in size from seventy-two to 
1,064 beds with a mean size of 302.9 beds. 

Martin Feldstein opined that the 'number of cases' was superior 
- to any other alternative measure for hospital output because it in- 
cluded both live discharges and deaths. Subsequently, he specified 
average cost functions in both linear and quadratic forms and his 
dependent variable (Cc, ) represented the average cost per case. Capital 
costs were, however, omitted from the cost data. Feldstein used the 
number of beds (B, ) to represent scale as the independent variable. 


His estimates of the average cost function unadjusted for case-mix were: 


Ci seo. iet Lee atoms Bi R= .O48 
(25m) 1 77 
2.92 

B= 4G. 16 4. 10am 10°“) Ba =) 2e8 COs Ei hk ees 
Cary) (1.89) as HUEY 
1.08 -20 


Feldstein only considered the ". values, both of which were very 


small. He felt that in any analysis of hospital cost there must be an 


adjustment for casemix which would reduce the heterogeneous nature of the 


data. The results of his first two estimates confirmed his belief that 


estimates of cost functions were of little value if no allowances were 


a eae Feldstein, Economic Analysis for H 
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made for casemix. (It is interesting to note that the coefficient of 
scale was Significant at the 1 per cent level in the linear estimate. 
Neither scale coefficient in the quadratic estimate was Significant. 
The linear function indicated slightly rising average costs and the 
quadratic function a weak inverted U-shape curve.) 

In a preliminary analysis, Feldstein had determined that he could 
group all types of cases into nine distinct categories. The nine in- 
cluded general medicine, paediatrics, general surgery, ear-nose-and 
throat, traumatic and orthopaedic surgery, other surgery, gynecology, 
obstetrics and miscellaneous. With these he developed an independent 
variable and introduced it into his estimates as an aggregated repre- 
sentation of casemix. It reflected the various proportions of total 
cost contributed by the nine categories. Feldstein re-estimated his 


first two specifications and included the adjustment for casemix (Pid). 


ee Meee on ae ae R°=.308 
(.567) : n= 77 
~52 
Ci =-.581 Gouaeeie 2934 (107?) Bie + Piyi Ro=si0 
(14:°728) (1.7417) n=177 
34 254 


where Pidi = PL Beg ah cg! aye sere 


2°32 Mey 


The R values were considerably larger than for the estimates in which 


a casemix adjustment was omitted and this increase he attributed 


entirely to the influence of casemix. The linear estimate indicated a 


slightly rising average cost curve and the quadratic specification indi- 


cated that the average cost curve had a shallow U-shape which reached 


its minimum level at 310 beds. The scale coefficients in both the 
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linear and quadratic specifications were not significant at the 5 per 
eetis Level. 

petdecesn next sriacirtea his data according to bed size and 
then estimated a separate average cost function for each size group. 
He initially divided the sample into two subgroups: seventy-two to 
302 beds and 303 4s 1064 beds. Then he divided it into four subgroups: 
seventy-two to 117 beds, 118 to 302 beds, 303 to 488 beds and 489 to 
1064 beds. He specified a quadratic equation adjusted for casemix for 
each subgroup. He found that, ''The more dissaggregated models do not 
provide a better model of the relation between size and average cost 
per case than the original single Sceeysysdli- 8 The dissaggregated 
estimates indicated that the average cost curve had a slight U-shape 
with a minimum range of 230 to 350 beds. None of the coefficients for 
either Bi or Bit was Significant at the 5 per cent level in the func- 
tions estimated for the stratified subgroups. 

Feldstein concluded that he could neither accept nor reject the 
hypothesis that diseconomies of scale prevailed among large hospitals 
based solely on the results of his analysis. He felt, however, that 
the shape of the average cost curve was slightly U-shaped reaching a 
Minimum in the 250 to 450 bed range. He also felt that average cost 
likely rose slightly to about the 600 bed level and then flattened out. 


He concluded that it appeared that medium size hospitals were at least 


as efficient at providing general ward care as large hospitals. 


0 , ; 
ers. Feldstein, Economic Analysis, P.71l. 
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Feldstein commented in his conclusion that the large hospitals 
in his study generally had longer lengths of stay than did the small 
HE Se es He’ felt that if the length of stay could be reduced in 
large hospitals, economies of scale could possibly occur over the en- 
tire size range of all hospitals. He believed that it was the mana- 
gerial and sociological problems generally associated with large scale 


organizations which acted in large hospitals to prevent shorter lengths 


of stay and a lower cost per case. 


Edgar Binauien shoce. 


in a recent study, Francisco performed three analyses using op- 
erating cost data which reflected the performance of 4,710 U.S., short- 
term, general hospitals. He used the patient day as his measure of 
output throughout. 

In the first, analysis, Francisco stratified his sample by grouping 
the hospitals which had identical combinations of services and facili- 
ties. He repeated the technique, initially developed by Berry, in his 
study discussed eemenae He discarded any group which did not contain 
at least thirty hospitals and was left with twenty-five groups con- 
taining 1,328 hospitals. Francisco first estimated a linear total cost 
function for each group. Although he did not report his results, in 
his narrative he provided a summary. His total cost analysis revealed 


decreasing average cost in twenty-one of the groups, although, the 


Se Francisco, "Analysis of Cost Variations Among Short-Term 
General Hospitals", Empirical Studies in Health Economics, ed. H.E. 


Klarman, (Baltimore: Johns Hopkins Press, 1970), P. 321-332. 


Te Berry, ''Returns to Scale". 
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results were significant at the 5 per cent level for only four. 
Francisco then estimated linear average cost ‘functions for each 


of the twenty-five groups. (see Table III-4) He found decreasing 


Pa TAGs 


average cost for twenty-two of the twenty-five groups but in only seven 
of these =a the patient day coefficient significant at the 5 per cent 
level. Each of the seven, however, happened to have an average size 

of less than fifty-seven beds. From the two analyses of the twenty- 
five groups Francisco concluded that economies of scale appeared likely 
in hospitals with relatively few services and facilities with fewer 
than 100 beds. He also concluded that larger hospitals with more ser- 
vices may well experience constant returns to scale. Francisco's re- 
sults were very similar to those derived from Berry's reported results, 
once the 't' values were computed. Of Berry's fourty groups, six were 
Significantly negative compared to Francisco's seven of twenty-five. 
Similar conclusions could be made from both sets of results. 

Francisco subsequently stratified all 4,710 hospitals with regard 
to their total number of services and facilities. He obtained seventeen 
groups of hospitals and he then estimated a linear average cost rela- 
tionship far each group. (See Table III-5) In fifteen of the groups 
decreasing average cost resulted but only eight of these had patient 
day coefficients significant at the 5 per cent level. Of these eight, 
seven were groups in which the average size was 135 beds or less. Only 
one group of a larger average size exhibited significantly decreasing 
average cost. These results supported his earlier conclusions. 

From the result of an analysis he did not report, Francisco ob- 


served that output (patient days) accounted for little variation in 
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FRANCISCO'S ESTIMATES OF THE RELATIONSHIP 
a a as eae Rr dele reac el ae Mls 


1 VUEDAARP CREM AND ettiatotm 
BETWEEN AVERAGE COST AND OQUTPU 
ca a a 


Uo 


(Grouped by Like Combinations of Services) 


Group Number of Services Estimate 
In Common AC= 
a OF Fa) 33.51=- .4OX 
2 a 48. 26-1.63X 
2 2 TheO5= Dom 
4 2 Sp. 17 28% 
Par 2 41.27= .63X 
6 eB 35.44- .65X 
ii B, 38.69- .74X 
8 2 36.97— 55% 
-, 8) 31.93- .08X 
10 E 4O.11- .46xX 
at % 41.39- .60X 
12 A 36.80- .91X 
al L 4O.16- .39X 
14 5 45 42— .30X 
Es 6 55.64- 42x 
16 6 5Oi32— 225% 
Lf 7 52.46- .16X 
18 8 43 .40-— .11X 
19 8 57 .5G— .20k 
20 9 48.91- .08X 
2 10 41.764 .02X 
22 12 39.98+ .O06X 
23 13 49.51- .05X 
24 14 41.71+ .05X 
25 16 56.45- .02X 
x = patient days 
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FRANCISCO'S ESTIMATES OF THE RELATIONSHIP 


TABLE III-5 


BETWEEN AVERAGE COST AND OUTPUT 
a 


(Grouped by Total Number o 


Ao 


Services) 


Estimate 


n 
of Services AC= 
O e701 t woo x 28 
1 32.36- .26X 167 
2 37.28- .48X * 391 
3 LO.O7= .51X * LS? 
4 1.54= «52x * Kok, 
5 ho V4 .19X * L64 
6 Ah 47— .16X * hoy 
v7) Hl 18= .O9X * 372 
8 46.75— .O9X * 370 
5 45 .57- 205K 310 
10 h6.2Qh- .03X 318 
a 48.50- .05X 258 
12 48.82— .O4X 204 
1 54.82- .07X * 202 
14 53 46— .03X 136 
15 49.054 .O1X 81 
16 56.45- .02X 54 
X = patient days 
Ae level 
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average cost once he introduced dummy variables into the specification 
which represented services and facilities. Subsequently, he developed 
an unweighted index of services and facilities (EF) which he reported 
to be a satisfactory substitute for these dummy variables... 

For his third analysis, Francisco used the twenty-five groups 
containing 1,328 ee ee He combined them into two groups; --one 
of hospitals offering five services or less and the other of hospitals 
offering six or more. In his linear estimates he included the un- 


weighted index of services and facilities. 


Small hospitals 


AGl=RT Fl ce) = 657 £607 ES Re .21 
(~5.5) (4.8) n= 839 
Large hospitals 
AG = 39.03-—.01 PD + .74 EF R= .15 
(1.4) (3.2) n= 489 
All hospitals 
AG = 29.04 = .3 PD + 1.78 EF . R= .46 
(-3.3) (6c) n=1 , 426 


The results reflected decreasing average cost with increases in output 

for both the small and large hospitals. The rate of decrease was very 

small and not significant at the 5 per cent level for large hospitals. 

The coefficient for PD was larger for the smaller hospitals and it was 

significant at the 1 per cent level. When both large and small hospi- 

tals were combined, the negative PD coefficient was also significant at 
the 1 per cent level. Francisco concluded that only in small hospitals 
did it appear that output significantly influenced the behaviour of the 
average cost function. 


Francisco concluded from his three analyses that the relationship 
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between average cost and output was weak and negative which indicated 
a weak L-shaped average cost curve. 
v4 


5 2 
Robert Evans = 


Evans' study represents the third Canadian study to be considered 
in this review. His sample consisted of 186 Ontario hospitals. Evans 
obtained access to this data in his capacity as a senior researcher 
with the Ontario Hospital Services Commission. 

Evans replicated the technique of M. geiushs Sowers discussed above, 
using Ontario data. Some of the functions he estimated reflected the 
variation in the proportions of the different types of cases . in 
Ontario. Initially, fourty-one diagnostic categories were represented 


25 


in the proportions. He eventually employed only thirty categories 


because he found that the estimated size coefficients yielded 'nonsense' 


values with fourty-one categories. Each diagnostic category was ad- 
justed to reflect the age and sex composition of the patient load. The 
categories were converted to proportions which reflected the percentage 
of total days of care necessitated by each type of case. 


Evans estimated average cost functions for both average cost per 


Pp, Evans, 'Behavioural' Cost Functions for Hospitals, Discussion 
Paper No. 38, Department of Economics, (Vancouver: University of 
British Columbia, 1970). 

2k. , 

M. Feldstein, Economic Analysis. 

On list of the fourty-one categories appears in Footnote No. ll, 

R. Evans, 'Behavioural' Cost Functions, (no page number shown). These 


same fourty-one categories are used by 0.H.S.C. to prepare the Relative 


Stay Index for Ontario hospitals by which hospital performance is 
evaluated. 
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case (Casex) and average cost per day (Dayex) focusing on inpatient 
care only. Evans calculated inpatient costs by subtracting the direct 
costs of all non-inpatient activities reported by arn hospital from 
its total expenditure. These included education, research and out- 
patient care costs. He did not allocate joint costs generated partly 
by these activities such as the costs of housekeeping, maintenance 
services, senior administrative salaries and other 'hotel' and admini- 
strative services. (This likely caused overstatement of inpatient 
costs.) Evans also excluded depreciation, interest and other capital 
costs reported by the hospitals from the total cost figure. 

Evans selected the total number of rated beds to represent scale. 


He estimated equations having the two forms: 


2 
Dy (Casex) «= a+ BX + BX + BBY + B,2; and 


fa 
2) (Dayex) =a+ B)X + BX” + BY + B,Z where 


Casex = average cost per case, 
Dayex = average cost Ber day, 
X = number of rated beds in each hospital, 
Y= {oval occupancy race, 
Z = acute care average length of stay. 
When Evans employed Casex as the independent variable, he obtained 
the following results. These equations marked * were adjusted for 


casemix. 
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Equation a X x- Y Z Ro n 
al .805 185 
*2 -796 185 

3 321.6 .038 024 185 
ay 
.02 

+h 158 -808 185 
(322) 
205 

an 
5 266.5 $427 -=5536210 male) 185 
(6.3) (5.9) 

205 0.0 

*6 .16 ~.253~107? ~806 185 
(278) (405) 
209 0.0 

4, 45.9 21:73 -1.5 35.8 .799 185 
(728) (3a) (es) 
eO2 48 1.49 

+8 A107 ~ 74h 107° =l.3 $0.1) 077 185 
(135) (S01) (a) AG sa) 
.08 ORs: 42 3.4 


Equation 1 was adjusted for fourty-one diagnostic categories and 
equations 2, 4, 6 and 8 were adjusted for thirty categories. The slight 
difference between the values of re for equations 1 and 2 demonstrated 
that little explanatory power was lost when thirty categories were used 
instead of fourty-one. The coefficients of X and x° were very small in 
every estimate and never significant at the 5 per cent level. They also 
did not add very much to the explanatory power of the specification. 
Evans concluded that flat long-run average cost curves appeared likely 


based upon his Casex results. 
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Evans estimated a similar set of equations for Dayex: 


= a 


Equation a X X x Z: R n 
+), 467 185 
*2 509 185 
z 50.55 2 OOL .O17 185 
(2) 
0.0 

#1), .008 2553 185 
(a5) 
.02 

5 27.9 Pols ae eae 329 185 
(9.6) (9.3) 
.001 0.0 

*6 20135 =,0975 =—.0134 7397 185 
CLO) (3.9) Che, 
.001 02 01 

*7 0008 . .622*10-- -.0886. .2119 .605 185 
(seo) Ci) (4) bey) 
2004 0.0 02 16 


Of those estimates marked * equation 1 was adjusted for fourty- 
one diagnostic categories and the balance for thirty. The results were 
Similar to those with Casex, although the degree of explanatory power 
was generally less overall. The coefficients of X and x° were again 
very ee small standard errors forewarned that when 't' values 
were calculated they would net be significant. The influence of the 
number of beds on the average cost per day was virtually nil. Evans 
concluded that the average cost curve for Dayex was U-shaped reaching a 
minimum of about 300 to 400 beds and then rising rapidly after 1,000 
beds. 


It appeared from the analyses of both Casex and Dayex that the 
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that the casemix was related in some manner to changes in average cost 
although the relationship was weaker with Dayex. The rate of occu- 
pancy and the average length of stay also were related to changes in 
average cost although these relationships were not often significant. 

A review of the very small values for all of the size coefficients and 
their universal lack of significance at any acceptable level begs the 
question as to whether Evans should have made any conclusions at all 
regarding the relationship between size and average cost. Evans results 
per case were similar to those obtained by M. Feldstein in size, 
direction and significance, however, Evans avoided replicating his 


lengthy speculations. 


IV Average Cost Time Series Literature 


Kung Ro 


In the introduction to the report of his analyses, Ro hypothe- 
sized that certain factors logically were related to the cost of hos- 
pital care. The six factors were: 1) size-volume, 2) capacity 
utilization, 3) scope of services, 4+) technology, 5) exogenous 
variables, and 6) educational programs. In his analysis, he considered 
the effects of only the first four of these factors. 


Ro's first step was to select surrogate measures to represent 


K.K. Ro, "Determinents of Hospital Costs", Yale Economic Essays, 
Volecoe) fli 19667. Py: 165-256. 
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each of the four factors. With regard to the size-volume factor, he 
speculated that four possible surrogates existed including patient 
days, number of beds, number of admissions and births. By means of 
step-wise regression analysis, he found that the number of.admissions 
best represented the size-volume factor. He similarly developed sur- 
rogates for each of the other three factors. 

Ro employed data which reflected the operations of sixty-eight 
western Pennsylvania general hospitals over a period of eleven years. 
The hospitals ranged in size from thirty-six to 794 beds. Ro used in- 
patient expenses only in calculating the operating cost, although, he 
did not explain his cost allocation method. (Presumably, Ro has esti- 
mated an average variable cost function, since he included no depre- 
ciation or capital costs. Also, his total cost calculation possibly 
over stated the costs associated with inpatient services since joint 
costs were not likely allocated fully.) Ro divided the total cost of 
inpatient services by two different measures of output to obtain his 
dependent variable. He combined the data from each hospital for each 
of the eleven years with the data from all of the other hospitals in 
the sample. He thus specified a 'linear additive form' for the rela- 
tionship between average cost and the independent variables. The 


basic model Ro used had the following form: 


Yt =a+t biALt + 659), 4 Dent + bX + Ue where; 


68 (hospitals) 
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Y = average cost 
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a = constant 

A = number of admissions (size-volume surrogate) 

O = occupancy rate (capacity utilization surrogate) 

P = ratio of total patient care expenses to inpatient 
operating expenses (scope of services surrogate) 

X = patient days per personnel (technology surrogate) 


U = random error 


Ro reported the results of three estimates of the average cost 


function. The result of the first estimate in which Y, equals the 


average cost per patient day was: 


Y, = 29.64 = 0145 A - .0721 0 + .1291 P - .0356 X B=. 802 
(.0094) (.0096) € 0248) 1) e( 20052) n = 68 
1.54 7.53 B36 11.03 


The relationship between Y, and the size-volume factor was nega- 


1 
tive, relatively small and not significant at the 5 per cent level. The 
three remaining coefficients were significant at the 1 per cent level. 

In his second analysis of the same data, Ro introduced two dummy 
variables which altered the results somewhat. One variable reflected 
the proportion of the population served which was urban (U) and the 


second indicated whether or not a school of nursing was associated with 


the hospital (N). 


Y, = 22 336m OLOG okt seg06910: Sd, PUI IP ee 190346 eX 910765 40 
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ons S37 6.34 10.96 2.24 


4222814 N R°=.897 
(4252) CAs 
ase 


Ss 
a i. 


snelaupeh wd senna onan Andie Laos we otsiew =a” * 
(enqerrnm meshes So weene) Someney xe onan" - 
(atayorim qyolnadeee) tnnmmiing tor wpa: tos iteg'= : 
sores webaet ot | 7) 


tana -ageteve wily lo methbhtae-@eitd Yo ottvaer of! badsoges a 
wt aliupe (P dadty kl TemAIARH teil dt To hiro oat “bat 


how GM Apeisag oe 
ijitie eee 


th ta ea te a ae 
ahd. *.2 c8 ML” - Oo 
~apan om 14fee? waleveghjn mat bow p2 aeowtes qiiancisalee O82 he 
edi .inved _— sq 0 ed} ie pied Eleain! pee hond ince cdevitades peed 
towel fea way h ome 28 Jabedlingio #2e~ uxnelal deo iintanoy. 94 ? 7 
Sarah eet SORMRTRRNG BE: salen SPF: 98t le eae Renee A liz 
ratvelias sftaliay weo steabeston otlinan 60 bounties dotihe 
wt! tae (U)- ential Mew CAO bere net tnluneng wit %o-#0 = 
atte onsannens, od gutealial it diadbe i. te,00 -wilggahe 3 y 


seweere 


tii: 


7 a. Se 


. - a “ih 7 


oe 


~ 
o) 


Once again, the relationship between y and the size-volume factor was 
negative and relatively small, however, it was significant at the 5 per 
cent level in this estimate. All of the remaining five coefficients 
yere also Significant. The addition of the oe and nursing 
variables only slightly improved the explanatory power of the equation. 
The third estimate of the average cost function was specified in 
a slightly different form than the first two. In this estimate, Ro 
used the inpatient expense per admission as the dependent variable Y5- 
He also dropped occupancy rate (0) as an independent variable represen- 


ting capacity-utilization and replaced it with turn-over rate (T). 


¥, = 212.48 - .2982 A - 1.813 T + 1.8265 P - .1985 x R=.918 
S105) ae (1957 CrebG) (.034) n = 68 
2.84 9.38 6.98 5.54 


The negative relationship between Y, and the size-volume factor 
was Significant at the 1 per cent level; the other coefficients were 
similarly significant. (The interpretation of this relationship is that 
the average cost of one admission is equal to its marginal cost plus the 
three other variables. It is no wonder the value for ne is so elevated 
and the relationship so highly significant.) 

The linear relationship between average cost and the size-volume 
factor indicated that the average cost curve was Ieshaped and that 
average costs were declining. Ro concluded that the results strongly 
indicated that economies of scale were present in his sample of hospi- 
tals and that Heeriteduciae was related positively to efficiency. The 
greater efficiency of larger hospitals Ro accredited to a greater degree 
of specialization and the employment of better levels of technology. ko 


ignored the fact that his linear estimate reflected only the strongest 
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relationship between average cost and size-volume and that it could 
have concealed a positive relationship between these two variables 
among large hospitals. His result did not in any way show that U- 
shaped average cost curves did not exist for the sample he used in 


the long-run. 


Judith and Lester Laven? e 


In June, 1970, Lave and Lave reported the results of their 
analysis of average cost in the hospitals of Pennsylvania in two sep- 
arate journals. The first and main part of their work was reported in 
ane American Economic Review (AER) while that reported in Inquiry 
replicated the analysis using different data. 

The primary aim of Lave and Lave was to develop a method of esti- 
mating the hospital average cost function which would overcome the pro- 
blem associated with the multi-product nature of hospital output. They 
wanted to avoid the difficulty of being unable to estimate a ‘true' 
specification. They did not want to use an ambiguous surrogate output 
measure which did not reflect the quality of the various hospitals' out- 
res The Lave's technique was to finess the problem associated with 
multi=-product output by making the assumption that over a short period 
of time the mix of hospital outputs would remain constant. They con- 
cluded that if the variety and quality of the output was constant in 
each hospital they could estimate the short-run average cost function 


omitting 'product-mix' altogether from the specification. Finally, 


afiene Lave and L.B. Lave, "Hospital Cost Functions", American 
Economic Review, Vol. 60, No.3, June, 1970, P. 379-395. 


Span Lave and L.B. Lave, "Estimated Cost Functions for Pennsyl- 
vania Hospitals", Inquiry, Vol. 7, No.2, June, 1970, P. 3-14. 


ee eee 


7 : _ 
ives 31 iat? bra emilorayetel Bas Sous nyerate — 


> 


_ 
oe 
ra anal 
a 
— oo 
—! pnt? soda pew goa Gi OR DOO digees alt entero etal yao 


’ mre ‘ a 


at bow ed efqene off co ¢oeee Poe 52) gevers teen egeteva Be 


eideiray ovd sagt? quewted qidenes tales evisiagq & be ~ 
7" 


aaa | a 7 


Sdies cry fas 
SSNS val epbaet eure bf, 
. a 
a § in aS ion 4c) Fev tngMm ere’ 7s sval Pusan i & aut ak" 2) 
gue iu! ut ataevegenaet TH abeilgead ait et f000 oyersre 6 at atoy lane 


, : ‘ sf parclt oie * te 
23“ 290°: “1°20 ‘eit » Lo S22 OPS Fo Ona of :. 


Ave. inaes7lih qalew aleyianes eal _ 

bootied ia Qolevel a0 male ent bas eral to min rials coal 

wae onl 4 (gen Bludyw 4erde mes we wyame La? Yanda ot sui a 
tude wecd Yo OtcAn Manna Ftieg oF Stow heintsoets = ‘a 


‘awe ' @ wes sat oF of) aie |D - port ith og: htove ot be aa " 
— - ; — 
ap<) 'y ' On fa Par q ' Tx eo AL Es Fe yeaT saobJaottes él 


7 aw 2s 
ein atigend waite? ea) tb yPtihes ail! Iooltet Jor. 52D Sous Samer y 


[-iw pegatsosan woltidy af) aueiedl of naw gugtadead otewal oft ating . 


Temdie « rowo lew? oabtymiss ot? golten _— Poubirng 

-i gad? .%0d76o0% Clan Blrow ssaittso fs pryeert tox 4 

= 

i——@enos seu 2oggvo ef9 Is. 7 lady haw ysersey olf oe oe bute 

stot ’ 

‘tum “ae warove affi~s Tete of) ofenltze Biires wade 2 a rw, 

ae 

Teas .oeb sgl Disege, GAP BONY set feyos le fates ‘i 

/ - 
ace 


gtilaeet veslienw\ y Tatar emt 06d Sa 
. an a aes eke Gh al a, 
=i <1 seohd tani? me 

athe ae 


they assumed that hospitals could be characterized by a single cost 
function and they pooled their data to estimate a cross-section, time 
series model. | 

In the American Economic Review, Lave and Lave applied their 
technique to data gathered from seventy-four western Pennsylvania 
hospitals over a period of seven years. Fourteen semi-annual 'obser- 
vations’ were made of the costs reported to Blue Cross of Western 
Pennsylvania by the individual hospitals. It was unclear in their 
description of the cost data whether or not it represented inpatient 
costs only or all hospital generated costs including depreciation or 
cost of capital. 

Of the analyses reported in AER, two were relevant to this thesis. 
In the first, a time series analysis, the Laves specified an equation 
of the form: 


log AC. =a, + 43, + ais 


log Us, + = log S.4 ees 
where: i= the i th hospital, 

t = aggregate time dummy, 

Ue= Utiligacion cave, 

S = size expressed in terms of beds, and 

e = random error. 

They specified the function in this form to be consistent with the 
shape that they expected the short-run average cost curve to exhibit. 
ise. I-shape. The Lave's estimated an average cost function for each of 
the seventy-four hospitals. They did not display these results but dis- 


cussed them briefly in a narrative. They reported that in not one esti- 
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mate was the value of Ro less than .9. The coefficient of size ranged 
from -13.4 to 8.5 with a mean of -.333 and a standard deviation of 
2.418. In almost none of the seventy-four estimates did they find 

the size coefficient to be significant. They concluded that they could 
say very little about the shape of the short-run average cost curve from 
these renultaees (They did, however, persist in making a conclusion in 
this regard in their final conclusions. This is noted below.) 

Lave and Lave next reorganized their initial model. They amal- 
gamated the time-series data from all of the hospitals and they trans- 
formed AC, U and S into the index number I, J and K respectively. Their 
basic specification was: 


log qo, Bee ge tute ee oe Oe J. 


2 42 log Key +e 


oe ele in 
Upon this model, they built two expanded specifications. In one, 
the linear time variable was replaced by six annual dummy variables. 
In the second expansion, they also added dummy variables to represent 
hospital teaching status, location and the initial values observed for 
size, utilization and average cost. These variables were: 
AT = advanced teaching hospital, 
T = teaching hospital, 
P= ‘central city Location, 
M = general metropolitan location, 


AC = average cost, 


U-= utilization rate, 


Bae a secondary analysis, the Lave's determined that size was 
positively and significantly related to the rate of cost increases in 
hospitals. 
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S = size in terms of beds. 


The results for these three specifications were: 


Wy) log i = 6.67 — -.357 log.d — 006 Jeg K 4 [031+ = 028F Roo sees 
~11.41 i, Glo: aaa rel n =1036 
2k lOgel =<0,505 — .917 Jor) — .005: los K + .O2lt. + Ot, 
=e or =.15 8.05 16.18 
- 067t, PTA OS ene hee -130t,. _ -195t, + .O0290F R= 894 
24.98 34.03 45.36 66.56 18.03 n =1036 
3) log I = 6.638 - .334 log J - .007 log K + -O45t, + .091t, 
=12 42 -.33 3.16 3.25 
+ -139t, Os -25t, + -34t - .008t (log AC) 
eo 3.45 3.6 4.07 -2.63 
+. 00Lb Gogstiet .002t Gice S) +-.007t) (AT) 2 s,002t (mn) 
EP ape 745 3.14 
==2O ATU Gop s)*= 2006T "Uog"S)"+°5008 ATE(P) J+ 013 AT) 
-5.95 3.6 1.56 2.08 
+ 009T KP) + 00ST (HM) = [001t (PP) = .002t (%) = 025. 
20e7 2.43 =Lo7 3.64 2.24 
Rees 
n =10346 


The high value of Re in equation 1) indicated that the specification 
fitted the pooled time-series, cross-sectional data well and the signi- 
ficant F-value indicated that no explanatory power was lost when the 
data was pooled. In each of the three specifications, the size variable 
(K) was very small, negative and not significant. K was almost totally 
unaffected by the addition of the different variables in equations 2 
and 3. 

The main purpose of these analyses was to demonstrate that the 
technique of overcoming the problem of the multi-product output was 


valid. The Lave's showed that little explanatory power was lost when 
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the time-series data was combined to provide a cross-sectioned study. 
A secondary 'spin-off' of their work related to the shape of the 
average cost curve. From results of their time-series analyses of the 
seventy-four hospitals, the Lave's concluded that in the short-run the 
average cost curve was L-shaped. They concluded from their analyses 
of the pooled data that economies of scale were not very strong in 
hospitals over the long-run if they existed at all. i.e. the long-run 
average cost curve was nearly flat. 

In Inquiry, Lave and Lave again employed the seventy-four hos- 
pitals from western Pennsylvania they had used in AER, but they also 
included data from thirty-five hospitals in eastern Pennsylvania. For 
both samples, they obtained annual observations over an identical seven 
year period. The purpose of the work reported in Inquiry was to again 
test their technique of analyzing cost when output was assumed to be 
constant. They estimated additional functions for each of the three 
models introduced in AER which used pooled, cross-section, time-series 
data. 

Lave and Lave performed regression analyses, initially using cost 
data from western Pennsylvania hospitals only. With each of the three 
specifications the coefficient of size was very small and never signi- 
ficant. They repeated these analyses using only the eastern Pennsyl- 
vania data and they found that the K coefficient was larger, negative 
and significant at the 1 per cent level for each form of the expres-— 
sion. Finally, the Lave's combined the cost data from the two portions 
of Pennsylvania and then re-estimated each of mie three specifications. 


(Their results for these estimates are shown below but only the values 
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for the constant, utilization and size terms are reported here.) 


1) log I = 6.782 - .335 log J - .047 log K Ro =.862 
-9.12 -1.5 : n = 763 
et oe = 6.576 — .534 log J —..119 log Ky + .001 log K, R= 896 
-10.24 -4.06 -.04 n = 763 
5) Tog = 6.692"= "6346 log d = "2179 Tog 8_* foeb ios k R-=.909 
ak es 
-10.98 -3.7 -.18 n = 765 
where Ky = eastern Pennsylvania hospitals, and 


K, = western Pennsylvania hospitals. 

In the basic specification (#1), the value of the K coefficient 
was not significant where the data was combined completely. In the 
second and third expressions, the affect of size in the two parts of 
Pennsylvania were reported as separate independent variables. In both 
specifications, the two size coefficients were negative but only Koy 
representing eastern Pennsylvania hospitals, was significant, (at the 
1 per cent level). 

Lave and Lave concluded that their technique permitted the study 
of various aspects of cost inflation in hospitals and that it had 
universal application to other hospitals. Specifically, with regard to 
the relationship between size and average cost, the Lave's concluded 
that the short-run average cost curve was L-shaped and that in the long- 
run, if economies of scale do exist, they were not very strong. These 
two conclusions were identical to those they reached in the American 
Economic Review. 

The Lave's and Ro both employed cost data from hospitals in 


western Pennsylvania. Both specified an average cost function and both 
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combined time-series and cross-sectional data in their estimates. 

Their long-run conclusions with regard to the shape of the average cost, 
however, were different. Lave and Lave concluded the curve was nearly 
flat, whereas Ro concluded it was L-shaped. It should be observed that 
these two analyses utilized different methods in initially specifying 
their respective equations. Ro performed covariance analysis to obtain 
the factors he rae as independent variables. The Lave's simply speci- 
‘fied variables which they assumed to be valid. Finally, Ro's specifi- 
cation was linear while Lave and Lave's was second degree. The 
different results obtained in these two studies appear to be related in 


their different specifications. 
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CHAPTER IV 


COMMENTARY ON THE LITERATURES 


The literature which was reviewed in Chapter III will, initially, 


be criticized and compared in this chapter. Subsequently, a general 


discussion will be presented along with some comments and observations. 


5 
Criticism of the Literature 


As Chapter Til demonstrated, the economic literature related to 
the hospital field is varied with regard to both methods and results. 
Such variety may possibly imply that the use of economic techniques of 
analysis with hospital data is in an early development stage. It might 
also indicate that problems exist in adequately defining parameters 
representative of hospital activities. (It is possible that the pre- 
sently existing techniques of analysis could adequately reflect hospital 
behaviour if satisfactory parameters were available.) In spite of the 
variety, it should be noted that four studies developed out of previous 

recently an unpublished Ph.D. disertation by Dr. D.M. Baker was 
brought to the author's attention. This thesis dealt with disaggregate 
hospital cost analysis. A brief discussion of this work is contained 
in Appendix II. See D.M. Baker, Hospital Cost Control and Product 
Pricing with an Empirically Derived Factor Analytic Model-of Inpatient 


Output, unpublished Ph.D. disertation, Los Angeles, University of 
California, 1973). 
“Throughout Chapter IV reference will be made to the various 


pieces of literature reviewed in Chapter III. Only where the reference 
is to a specific part or to a direct quotation will it be annoted. 
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work either wholly or in part. Carr and Feldstein conducted a more 
extensive analysis using the aggregate, cross-sectional approach Paul 
Feldstein initially had introduced. Fraser repeated Cohen's analysis 
with the composite measure of output gk but he Bre Canadian 
for New York City data. Francisco stratified his sample ™ like 
combinations of services and facilities in the same manner as Berry; 
and Evans replicated Martin Feldstein's study of hospital cost per case 
including an adjustment for casemix. 

Criticism of the literature will relate to the sample data, 


specifications and parameters. Specific references will be made to the 


literature where it illustrates a point. 


Sample Data 


Degree of Aggregation 

Throughout the literature aggregate data was most frequently em- 
ployed. Carr and Feldstein, Berry and Francisco each used the entire 
population of U.S. general hospitals. Fraser considered one sample 
which included all types of Canadian hospitals and another representing 
all of the acute general hospitals in Canada. Some studies were less 
aggregate because the geographic origin of the samples was smaller. 
For example, Lave and Lave, Ro, Evans, Ingbar and Taylor, Kushner and 
Cohen sampled hospitals in specific states or provinces. The litera- 
ture generally appears to have relied almost entirely upon existing 
sources of hospital cost data. These sources were almost always third 
party payment agencies which collected accounting data for the purpose 
of reimbursing hospital costs. Such data did not necessarily reflect 


hospital operations from the economic viewpoint. 
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Certain analysts attempted to reduce somewhat the aggregate 
nature of their data. Martin Feldstein, who studied British hospitals, 
included only non-teaching institutions in his sample. Kushner con- 
sidered only the accredited hospitals of Ontario in one of his analyses 
and Ingbar and Taylor the accredited Massachusettes hospitals only. 
Both Berry and Francisco reduced the size of their samples by con- 
sidering only those hospitals with specific combinations of services 
and facilities. Carr and Feldstein, Fraser and Francisco stratified 
their samples according to bed size. Only two disaggregate analyses 


3 


were to be found in the literature. One was Paul Feldstein's time- 
series analysis of one hospital by department. He estimated a total 
cost function for each department and then totalled them to obtain an 
approximate total cost function for the overall hospital. 
Nature of the Data 

Often in the literature, the scale range of the hospitals included 
in a sample was omitted. Reference to Table III-1 will show where in 


the literature range was not reported. While it may be argued that the 


‘number of beds' is questionable as an effective measure of scale, if 


the results and conclusions are to be evaluated and given perspective, 
then one needs to know the scale range of the sample. To illustrate 
the significance of this point, it might be observed that Ingbar and 
Taylor and Ro, who both reported the ranges of their respective samples, 
failed to observe the limitation inherent in a range. In both studies 


it was concluced that economies of scale are continuous over the entire 


>the second disaggregate study was that of Dr. D.M. Baker which 
is discussed in Appendix II. 
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range of possible hospital sizes. The largest hospital in Ro's sample 
was 794 beds and in the other 350 beds. Both Ingbar and Taylor and Ro 
should have qualified their conclusions. The reported economies were 
continuous only within the range of hospitals represented by their 
samples. In his cross-sectional analysis of sixty hospitals, Paul 
Feldstein recognized that he could not make a valid conclusion regarding 
cost behaviour in hospitals larger than 453 beds as this was the size 

of the largest hospital in his sample. 

Geography is another factor which should temper general acceptance 
of results and conclusions. Martin Feldstein used British hospital 
data. Fraser, Evans and Kushner employed Canadian samples and the re- 
maining literature was of United States origin. Some of these used 
samples from specific states or provinces. The results of these studies 
reflected various forces present within certain nations and which likely 
were not shared identically with any other country. Such forces could 
have included the historical development of a nation's hospitals, the 
political attitudes within a country, the means by which hospitals were 
financed and the various alternative forms of health care emphasized 
within each country. Aggregate, cross-sectional studies of hospitals 
in a particular nation could well produce results not at .all related to 
situations in any other country. This comment merits consideration be- 
fore the results of foreign analyses are applied to the Canadian hos- 
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Specifications 
Form 

In each piece of literature a relationship has been specified 
between cost and some measure of hospital scale. The specifications 
have taken three forms. Reference to Table III-1 will show that six 
analysts specified-linear functions. (Fraser also specified a cur- 
vilinear form of the relationship for some of his estimates.) The 
balance of the literature was curvilinear with alli but Kushner speci- 
fying equations of the second degree. Kushner utilized a specification 
of the third degree. 

A linear specification implicitly assumes that average cost will 
be constant or that it will increase or decrease at a constant rate as 
scale increases. The resulting average cost curve in every linear 
analysis in the literature sloped downward to the right indicating a 
negative relationship. Continuous economies of scale were either con-~ 
cluded to exist or else inferred. It is questionable, however, that 
the linear form adequately reflected the true cost-scale relationship. 
A linear specification is capable of representing general cost behav- 
iour and may well conceal other behaviour. It is probably that the 
majority of hospitals are of small or medium sizes and it is possible 
that economies of scale are present in hospitals of these sizes. Large 
hospitals are fewer in number but diseconomies of scale could exist in 
their activities. In aggregate, cross-sectional analysis, the influ- 
ence of the small and medium-sized hospitals, if they are more numerous, 
may overwhelm any diseconomies in large hospitals in a linear specifi- 
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Specifications of the second degree permit examination of the 
possibility that the relationship between cost and scale varies with 
changes in scale. In addition to the three Peete possible using a 
linear specification, a second degree estimate also permits the influ- 
ence of economies and diseconomies to be considered as separate forces. 

The results reported in the literature where second degree 
specifications were employed were varied. Carr and Feldstein, Cohen 
and Martin Feldstein found the average cost curve to be U-shaped, al- 
though Feldstein reported that the U-shape was weak in his analysis. 
Fraser found the average cost curve was generally L-shaped for most of 
his second degree estimates. Evans concluded the curve was flat and 
Lave and Lave surmised that the average cost curve had a weak L-shape. 
Ingbar and Taylor reported the long-run average cost curve had the 
shape of an inverted-U. As the literature demonstrated, equations of 
the second degree can yield a convex or concave curve or possibly a 
straight line. Third degree estimates, such as Kushner's, permitted 
the analyst to observe whether or not there were two trends within the 
overall relationship between scale and cost. Despite estimating this 
more complex form of the relationship, Kushner concluded that the long- 
run average cost curve was L-shaped. This result might be a prelim- 
inary indication that equations of the second degree are adequate for 
the study of the relationship between hospital cost and scale. 
Reflecting Quality 


The quality of service and patient care likely varies between 
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ambiguous relationship to cost in hospitals. Much of the literature 
attempted to adjust for quality variations with limited results. 

Ingbar and Taylor and also Kushner, in his first study, included 
only accredited hospitals in their samples on the assumption that ac- 

reditation was a guarantee of quality. Accreditation, however, is 
only a guarantee thet certain minimum standards have been met. It may 
be that the quality of care in accredited hospitals is generally 
superior to that in non-accredited hospitals, however, it is not likely 
that quality is necessarily completely absent in hospitals which lack 
accreditation. Within a group of accredited hospitals, quality may 
vary widely between individual hospitals because accreditation is only 
a guarantee of a minimum standard. 

Another approach observed in the literature was to make the yet 
unproven assumption that a hospital associated with an educational pro- 
gram necessarily provided a better quality of care than those which were 
not. (The question of whether or not the presence of students in a 
hospital acts as a catalyst to improve quality remains unanswered. It 
is possible that their affect is to reduce quality.) The next step was 
to introduce dummy variables into the specification to represent 'qual- 
ity'. Carr and Feldstein and Cohen both used ‘affiliation with a med- 
ical school' and Carr and Feldstein, along with Fraser, included the 
sponsorship of a school of nursing and an intern program. Kushner in- 
serted a dummy to represent a school of nursing in his specification. 
He also used the ratio of graduate nurses to the total nursing staff in 


order to represent that the hospitals with more trained nurses on staff 
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provided better quality care. Carr and Feldstein also represented 
quality by including dummies reflecting the absolute number of interns 
and residents in a hospital and the number of types of programs for 
interns and residents. Ro utilized a dummy representing a nursing 
school to indicate quality. Lave and Lave avoided the question of 
quality altogether through the technique of omitting output from their 
Pees on This step followed from their assumption that output 
does not vary in any way in a short term period. 

Ro included a dummy variable in his specification which repre- 
sented the ratio of patient days to total hospital personnel. Presum- 
ably,. Ro assumed that care was improved when the total number of staff 
grew faster than the number of patient days, irregardless of occupa- 
tion. In three pieces of literature, the question of quality was not 
considered in the specifications at all;- Paul Feldstein, Berry and 
Francisco. In the work of Berry and Francisco, where they stratified 
their respective samples by the offered combinations of services and 
facilities, they might have assumed that those hospitals which offered 
more service, therefore, offered better quality but this is a question- 
able assumption. 

The approach of Martin Feldstein and also Evans was to assume 
that quality was reflected by the nature of the casemix. Those hospi- 
tals with a more difficult casemix appeared to be the ones with the 
more sophisticated equipment and more highly trained staff necessary to 
handle it. These hospitals presumably produced a better quality of 
care. Dummy variable(s) introduced into the specifications represented 
the casemix and adjusted output for quality. 


Cost would appear to be some function of quality. Ignoring 
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quality or simply equating it with educational programs does not pro- 
vide an adequate representation of the relationship between cost and 
size. Of the specifications considered, the ones in which casemix was 
part of the specification are those in which quality appeared to be 


reflected most satisfactorily. 


Parameters 
The Nature of Cost 

There were problems observed in the literature related to the 
nature of cost; specificly in two areas: 1) operating cost, and 2) 
capital costs. 

i Operating Cost - Many hospitals offer more services and 
facilities than simply those required to treat inpatients only. Some 
services and facilities are shared by inpatients with patients who may 
be otherwise classified. These alternative forms of care could include 
outpatients and ambulatory patients; educational, day care, home care 
or self-care programs; mobile treatment units; and even hospital-based 
community health centers. The problem which arose in the literature was 
that costs generated by overall hospital operations were used in speci- 
fications in which the measure of scale reflected inpatient activity 
only. e.g. patient day, beds or admissions. It is possible that a 
biased result occurred where costs were not generated by inpatient ser- 
vices and facilities alone. 

If larger hospitals offer proportionately more non-inpatient ser- 
vices than smaller ones, a biased estimate will occur where the cost 


used reflects more than simply inpatient services. It should be noted 
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that Carr and Feldstein, Fraser, Cohen, Ro and Kushner did attempt to 
reduce this bias. They inserted various independent variables into 
their specifications including the number of outpatient visits, the 
presence of a nursing school or intern program or the number of services 
provided. They adjusted their independent variables and left cost, the 
dependent variable, intact. These adjustments were inadequate. 
Throughout the literature, cost generally did not appear to be related 
in the various specifications to the activities which actually generated 
the cost. In summary, it appears that the existing body of hospital 
economic literature underestimated the economies of scale in large hos- 
pitals. 

ii Capital Costs - Fixed assets such as a physical plant and 
items of capital equipment depreciate in value with time and use. The 
cost of capital is part of the overall economic cost of the provision 
of hospital services. In the literature, capital costs were generally 
overlooked, perhaps because such data was not readily available. 
Throughout almost all of the literature, the cost data was obtained 
from a third-party payment agency which recorded only accounting costs 
for purposes of reimbursing operating costs to hospitals. Only Fraser 
and Kushner (in his first analysis using hotel costs) included the cost 
of capital in their estimates. Neither provided the detail of how they 
evaluated capital goods nor did they explain their respective methods 
for allocating annual depreciation, except in one of the methods Fraser 
employed. (He added one-tenth of the value of the fixed assets onto 
operating cost.) Fraser's estimates of the average cost function were 


similar whether capital costs were included or not. 
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Another general criticism of the literature is also related to 
the omission of capital cost. With two exceptions, the literature 
estimated variable cost functions; whether average or total cost; long- 
run or short-run. Only Fraser and Kushner included capital cost and, 
therefore, only they estimated 'true' average and total cost functions 
respectively. The results and conclusions of the remaining literature 
ought to be considered as estimates of variable cost functions rather 
than as the total and average cost functions they purported to be. It 
was a difficult task, however, to judge the amounts of capital by which 
ee cost functions were understated without some detail of the capital 
costs. The large size constants in the various specifications indi- 
cated, in part, that these amounts could well have been substantial. 

Omitting capital cost may also produce further bias in the results 
unless both large and small hospitals have identical ratios of output 
to capital. If this ratio is greater in larger hospitals than in 
smaller ones and the cost of capital is omitted from the estimated 
function, diseconomies of scale in larger hospitals may be understated. 
The reverse is true if the ratio is greater in smaller hospitals. In 
present day health care, the assumption may well be true that larger 
hospitals generally have bigger physical plants than small hospitals 
and also that they tend to have more items of equipment of a complex 
and costly nature. If this assumption is true then quite likely some 
diseconomies of scale associated with large hospitals are understated 


in the literature. 
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The Measurement of Scale 

Every hospital produces a variety of services.- The problem in 
specifying a cost function is to accurately reflect the relationship 
between cost and scale. Throughout the literature, scale has been 
represented in two different fashions. It has either been reported in 
terms of output or of capacity. The measures of capacity were employed 
both adjusted and unadjusted for output. The following lists show how 


the literature represented scale. 


Output Capacity Both 
Paul Feldstein Ingbar and Taylor Fraser 
Cohen Martin Feldstein Kushner 
Carr and Feldstein Evans 

Berry Lave and Lave 

Francisco 


i Output - The most commonly encountered measure of output in 
the literature was the 'patient day', although the 'number of ad- 
missions' also appeared. These two measures were used as gross repre- 
sentations of the total volume of hospital services produced. Their use 
indicated that an assumption of questionable validity had been made. 
Such output surrogates implied that they were standard units of output 
each representing a certain quantity and quality of hospital production 
and that these units were comparable between hospitals. Neither of the 
surrogates reflected the various hospital services nor the effort 
directed at patients who were not in the inpatient classification. 
Neither did they permit recognition of variation in the combinations 
and quantities of inpatient services which could be provided by different 


hospitals. For example, the services embodied in one patient day unit 
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at a Red Cross outpost hospital are not identical to that of a large 
metropolitan teaching facility. The staff and equipment in the urban 
hospital would be more extensive and more sophisticated than at the 
outpost. Similarly, although less dramatic, variations occur between 
all hospitals because no two hospitals are exactly alike. 

Hospitals may be defined as multiproduct firms. The services 
they produce are numerous and include ert research and community 
services, in addition to various types of patient care programs and 
services. Hospital output is heterogeneous and it varies over time 
within an individual hospital and it varies between hospitals. One 
assumption which underlies the theories of production and cost is that 
all output can adequately be measured in terms of one standard unit. 
This implies that a firm only produces one good or service. The out- 
put of the hospital field has been described as, 'Unmeasurable and even 
to some extent Saeencariets Neither the patient day nor the number 
of admissions is an adequate measure of the heterogeneous output of 
hospitals unless the degree of heterogeniety in the sample is virtually 
pia Ike 

Two items in the literature undertook to develop an improved out- 
put measure for scale. In his analysis using total "hotel! costs, 
Kushner measured output in terms of patient days, however, he made an 
adjustment which was designed to reflect the effort a hospital made to 


maintain empty beds. Such effort, he claimed, was part of the total 


JeR. Lave, "Review of Methods Used to Study Hospital Costs", 
Inquiry, Vol. 4, No.2, May, 1966, P. 59. 
ae 
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hospital effort. Kushner stated that the cost of an empty bed we 
seventy-five per cent of that of an occupied bed irregardless of the 
level of hospital operation.? He adjusted his output surrogate to 
reflect the empty beds by adding an amount equal ga per 
cent of the total empty bed-days to the total number of patient days. 
Kushner's adjustment implied that a hospital would produce output 
whether or not there were any patients in its beds. Stated in other 
terms: an empty hospital would produce output at a rate equal to 
seventy-five per cent of the amount it would produce if it was full. 
Kushner's adjusted output was specified in a function with hotel costs 
only. It reflected his arbitrary assumption that treatment and educa- 
tion costs were only twenty-five per cent of the cost of a patient's 
daily stay. The usefulness of Kushner's adjustment is doubtful, be- 
cause the purpose of a hospital, hopefully, is to provide service to 
its patients. It is difficult to accept a concept in which an empty 
hospital is considered to be productive. 

Cohen approached the problem of hospital output another way. He 
computed a composite measure for output, a which was equal to the sum 
of the indexed weights of thirteen services multiplied by the volume 
produced of each service. A weight of 'one' was assigned to the aver- 
age cost of a patient day and the other twelve services were assigned in- 
dex values according to the relative size of their average costs. (The 


concept of a weighted measure which would reflect the relative volume of 


Joseph Kushner, Economies of Scale in the General Hospital In- 


dustry, unpublished Ph.D. disertation, (London, Ontario: University of 


Western Ontario, 1969), P. 35. 
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output in each service deserves further research.) Cohen's method 

was unfortunate, however, because he has weighted each service by 

its average cost rather than the actual amount of effort required to 
produce one unit. He specified a relationship between total cost and 
an output surrogate calculated directly from cost ew aks output. 
Naturally, the Re values for his functions were high 5 bobeeinn the 
close movement of changes in total cost and sk, The average dollar 
costs did not appear to necessarily reflect ‘logical’ values in terms 
of either resource iveutee or patient benefits. Cohen, for instance, 
assigned a weight of .9 to a blood transfusion but laboratory and 
eee examinations were .07 and .16 respectively and an outpatient 
visit had a weight of .28. Cohen's weights were questionable in them- 
selves aside from the conceptual problem of estimating total cost from 
units derived from average cost. 

Similar criticism and comment may be made with regard to the 
functions that Fraser estimated in which he employed the composite 
measure of output gk developed by Cohen. Fraser adopted Cohen's 
weights without question and applied them to his Canadian data. He 
found that functions in which es was used yielded the highest Ro values 
of any of his four scale measures and, as a result, he employed gi most 
frequently in his specifications. Fraser not only employed a technique 
which was faulty in itself but he implicitly accepted the weights used 
to derive it. These weights were derived under a specific set of op- 
erational conditions in a select group of New York City hospitals. It 
was highly unlikely that the weights reflected Canadian values for these 

Baker, Hospital Cost Control, As noted in Appendix II this 


analyst attempted to develop an output measure based on the value of 
resource inputs utilized by disease groupings. 
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services. 

ii Capacity - When output is used for scale, economic theory 
assumes implicitly that it has been produced at the minimum cost level. 
This is not true necessarily in a hospital. If capacity is used for 
scale, this assumption is not required. In each instance where a 
measure of capacity was employed in the literature the surrogate 
"number oF beds' appeared in some form. Although only Martin Feldstein 
specifically stated that he used capacity as a surrogate for scale in 
order to avoid the 'regression fallacy', this benefit accrued to ysis 
capacity eeuaye* 

In regression analyses of cost in which scale is represented by 
output and no adjustment is made for the depreciation of capital items, 
the influence of the regression fallacy is likely. It is probably an 
influence in all of the literature discussed above under i Output ex- 
cept for Fraser and Kushner. Hospitals operating at a level of pro- 
duction in excess of the optimal level for their scale of plant tend to 
consume their capital assets at a faster rate than hospitals which 
operate at their optimal level or below it. When depreciation is 
omitted from the calculation of total cost, hospitals which operate be- 
yond their optimal level may appear to have lower average cost per unit 
of output eh those operating at or below the optimal level. Economies 
of scale may be reported for such hospitals which in fact are not real 
because of the excessive consumption of capital. 


M. Feldstein and Evans both reasoned that, while cost might well 


M. Feldstein, Economic Analysis for Health Service Efficiency, 
(Amsterdam: North-Holland Publishing Co., 1966 
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be related to the number of beds, it was also influenced by the nature 
and number of cases treated. They each inserted variables into their 
specifications which represented casemix and volume. Their results 
were similar. Each found that economies of scale were weak in hospital 
operations. 

In his second analysis in which he used total operating costs, 
Kushner's capacity variable was 'potential patient days'. This measure 
was equal to the total number of beds multiplied by the number of days 
in one year. Such a capacity measure implied that hospital cost behav- 
iour was neither influenced by the presence or absence of patients nor 
by the nature of their ailments. A similar observation was in order 
with regard to the work of Fraser and also of Ingbar and Taylor, al- 
though ‘number of beds! alone represented scale in their studies. 
Studies of hospital cost behaviour in which a physical capacity surro- 
gate was the only measure of scale ignored the influence of the patient 
on cost and their results were accordingly suspect. Lave and Lave 
attempted to avoid this difficulty by assuming that in the short-run 
the output-mix was fixed and need not be accounted for in a specifica-= 
tion. In order to represent scale they turned to capacity but they 
also included utilization (output as a percent of capacity) in their 
analysis. 

The capacity variable ‘number of beds' possibly introduces a 
bias into the functions in which it is used by itself. The number of 
beds is an inpatient surrogate which does not reflect the variety of 


other services and facilities a hospital may offer. A hospital's capa- 
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city to treat patients is simply not a function of the number of its 
beds alone. The more services a hospital provides ere aer other 
than inpatients, the greater the possibility when capacity is the 

scale surrogate that its average cost will be over-estimated and its 


economies of scale left unobserved. 


Overall Criticism 

The economic literature in the hospital field consisted pri- 
marily of studies of specific groups of hospitals at or during specific 
times. The techniques of analysis were generally too crude to ade- 
quately define output. Often functions were estimated only in the 
first or second degree with the result that possible cost behaviour 
patterns could have been overlooked. The majority of the results in 
the literature was not statisticly significant. Altogether, the 
limitations of the literature virtually eliminated any universal ap- 
plication to the practical problems encountered by hospital planners 
and administrators. The literature did provide some useful approaches 
and directions for future research. In particular, Paul Feldstein's 
disaggregate study of cost function of the departments of one hospital 
provided one such direction for future research. In only this one 
study did a writer avoid the assumption that the behaviour of every 


hospital could be characterized in one overall aggregate cost function. 
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Discussion 


The hospital industry is a Se nteek the health sector 
of the nation's economy. In the production of any commodity, in- 
cluding hospital services, there is an economic problem. The problem 
involves: a) determining the amount of society's limited resources 
that is to be used to produce the commodity; b) utilizing these re- 
sources to produce the kind of commodity the consumers desire; and 
c) efficiently organizing the resources to ensure that the amount of 
the commodity produced is the maximum obtainable for the resources 
Sr cee If the optimal size for a hospital could be determined, 
then at least part c) of the economic problem, as it relates to the 
hospital field, could be solved. Presumably, the major purpose behind 
much of the: literature was to determine the level at which hospital 
output was maximized with the available resources. (Parts a) and b) 


of the economic problem are beyond the scope of this thesis.) 


8 : : : 
Report of the Ontario Committee on the Healing Arts, (Toronto: 
Queen's Printer, 1O7O ly Vou sere 100. 
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The Bed 
The Number of Beds as a Representation of Hospital Size 
The number of beds in a hospital is commonly regarded as a 


measurement of hospital size. The 'bed!' 


) 


J 


a convenient and readily 


a 


i 


available measure. It can be easily related to the frequently used 
proxy measurement of hospital output: the patient day. The rela- 
tionship between the supply of hospital beds and total hospital op- 
erating cost has attracted study. The total cost of hospital operations 
has been found to vary directly with the number of bene available to 
manentere This relationship has led to the conelusion that once a 
hospital bed is made available, it will be used and that the more beds 
made available the higher will be the cost in terms of the nation's 
resources. Hospital cost and the number of beds are closely related 
because staff and facilities are maintained, and are yea tea at all 
times, in enough numbers to fully service most of the beds even when 
the occupancy rate is very low. In the short-run,variations in the 
occupancy rate have only minor effects on hospital operating costs. 

It has been suggested that the ultimate control of hospital costs 
lies in limiting of the number of beds available for the hospitalization 
of Pena This method of minimizing or restricting the total amount 


of expenditure for hospital services does not ensure that the resources 


Iu, Shain and M.I. Roemer, "Hospital Costs Relate to the Supply of 
Beds'', Modern Hospital, Vol. 92, No.4, April, 1959, P. 71 and Committee 
On the«ncaling Arte, Vol. 3, FP. 117. 


—————— 


lO chain and Roemer, "Hospital Costs Relate to the Supply of Beds". 
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expended are utilized in an efficient manner nor does it ensure the 
actual services produced are the maximum return to be expected from 
such an expenditure. If there was a known optimal-size for a hospital, 
and all hospitals were of this size, then the return on expenditures 
for hospital services would be at the optimal level. The amount the 
nation is prepared to spend to secure hospital services will always be 
limited. It is the job of hospital planners and administrators to 
maximize the return to the nation from its expenditure on hospital ser- 
vices. 
Limitations of the Bed as a Size Measurement 

When the 'bed' is used to represent the size of a hospital, the 
assumption is implicit that only inpatients are treated there. Hospi- 
tals do, however, offer a variety of services to patients who never 
occupy a bed. These services and facilities may occupy space, have 
access to hospital treatment and diagnostic departments and they incur 
costs which are unrelated to the number of beds. | 

It has been reported that the average number of square feet of 
floor space per bed in hospitals built in recent years is more than 
thirty per cent higher than those built before 1950.77 The same source 
also found that larger hospitals have many more square feet available 
per bed than do smaller ones. Variations between hospitals in the nur- 
ber of square feet available per bed reveal that there is a wide vari- 
ation in the value of the 'bed' measure between hospitals of different 


ages and sizes. The value of inter-hospital comparisons based on the 
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-'bed' is, therefore, limited. A hospital which services a smaller 
proportion of inpatients than another hospital in relation to their 
respective patient loads appears to be less efficient when cost per 
bed statistics are prepared. The scale of its operation is under- 


represented by this measure. 


Hospital Output 

One of the basic assumptions underlying the Theories of Produc- 
tion and Cost is that the output of the production process can be 
precisely measured in unit terms. The theories also assume that only 
one commodity is produced. The application of the theories of pro- 
duction and cost to hospitals is a more complicated task than in an 
industry having one easily identified and unitized output. The diffi- 
culty arises because the quality of service offered by hospitals is not 
homogenous over time nor between hospitals. The identification and 
treatment of quality variations is one of the most vexing conceptual 
erica es facing economists performing empirical studies of hospital 
production. In 1970, the Ontario Committee on the Healing Arts be- 
moaned that: "Were 'units of hospital service' standardized, this 
difficulty, quality measurement, would be eliminated. But at present 
such a standardization is not Peete 
The Nebulous Nature of Hospital Output 


Hospital output is sometimes expressed in general terms such as 


coocnuithee on the Healing Arts, Vol. 3, P. 116. 
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the restoration of health and alleviation of pain.?? Such nebulous 
terms are of limited use as operational definitions of output. Their 
imprecision makes them meaningless for the purpose of developing an 
empirical cost function. Restoration of health and alleviation of 
pain imply that the 'final' hospital product is the utility which the 
patient receives from consuming the various types of health related 
services. It could be argued, however, that a hospital's immediate 
output (i.e. short-run output) is patient dissatisfaction as opposed to 
satisfaction. Many patients experience pain, discomfort or anxiety 
related to their stay in hospital. Patient satisfaction derived from 
hospital services may accrue for many years after an operation or 
treatment, particularly if the patient's life was saved or a fuller 
measure of health was restored along with a lessening of pain and dis- 
ability. The patient derives utility from the consumption of hospital 
services over the remainder of his life. This is a form of ‘psychic! 
output. 

It has been observed that to describe hospital output as the 
psychic benefit which the patient receives is much the same as saying 
that the output of a bank, an automobile manufacturer or a department 
store is "customer saideac tidus Each produces goods and/or ser-= 
vices and customer satisfaction is a consequence of the consumption 


of these goods or services. Similarly, the restoration of health and 


or Lave and L.B. Lave, "Hospital Cost Functions", American 
Economic Review, Vol. 60, No. 3, June, 1970, P. 380. 


Vay, Brown Jr., "An Econom vii 
Hospital Administration, Vol. 157 (No.. 2 
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the alleviation of pain are the benefits or utilities which an 
individual, or the community as a whole, derive through the consumption 
of hospital services. Psychic benefits do not provide operational de- 
finitions of hospital output because they are impossible to measure 
satisfactorily. For this reason, surrogate outputs have been used in 
order to study the hospital's cost function. 
The Hospital as a Multiproduct Firm 

The hospital may be designated as a ‘multiproduct firm'; unfor- 
tunately, there is no general agreement on the composition. of a hos- 
pital's total output aside from the catch-all term of 'service'. 
Hospitals produce various amounts of education, research and community 
service as well as care for a variety of patients. Measuring and 
quantifying these outputs is difficult because each type of service is 
not always easy to distinguish from the others. They are joint pro- 
ducts. For example, in a research project where a patient receives 
treatments as part of the experiment, the research data and treatments 
are joint products. A precise aggregate measurement which adequately 
encomposes all forms of output appears ees in the hospital field. 
A problem of similar magnitude must be overcome with disaggregate 
measures if each of the 'n' different hospital services is to be repre- 
sented in an analysis. It would be difficult to identify all of the 
individual outputs as separate entities. Joint products would limit 
the effectiveness of this approach. 

Since the boundaries between the various service components is 


difficult to distinguish, it is, therefore, not a simple matter to 
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assign production costs to specific outputs. Large amounts of joint 
costs exist in the operation of a hospital and complicate empirical 
analysis of the cost function. Joint costs are generated by products 
which are not separable. i.e. If a hospital operates an internship 
program it is virtually impossible to completely allocate this cost 
between the treatrient and diagnostic services provided to the patients 
and the educational experience of the interns. 

The disaggregate analysis of the production and cost functions 
of specific services within a hospital is one which deserves further 
investigation inspite of the difficulty of joint-costs and products. 
Paul Feldstein examined the total cost functions for a variety of 
services in one hospital in one disaggregate approach.” He included 
such units of measurement as the number of lab tests, radiology exam- 
inations and operations. Even these units reflected some degree of 
aggregation. More effort might be directed towards identifying and 
quantifying every service or task performed within a hospital in order 
to develop an accurate disaggregate approach. The question which 
arises with regard to a disaggregate method is whether or not the 
specific outputs of each hospital area, such as nursing or housekeeping 
are actually measures of overall hospital output. As P. Feldstein's 
work illustrated, it remains to be shown that the sum total of all in- 


dividual hospital services is equivalent to the ‘total output’ of a 


ie Feldstein, An Empirical Investigation of the Marginal Costs 
of Hospital Services, Chicago: University of Chicago, 19 . waker, 
Hospital Cost Control. This other disaggregate study is reported in 
Appendix II. 
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hospital, whatever that may be. 
“Output Surrogates 

The problem of defining hospital output has generally caused 
difficulty in the literature. In economic theory it is a requirement 
that there be an operational definition of the output of a production 
process before the study of the production and cost functions may be 
undertaken. In studies of the hospital industry, this problem has gen- 
erally been circumvented through the use of a surrogate for output. 

A surrogate is a substitute. The use of a surrogate enables a 
researcher to study other problems related to hospital production and 
cost without first having to precisely define output. In the litera- 
ture the surrogate for output used most frequently was the 'patient 
day', although the 'number of admissions’ was also used. A surrogate, 
such as the patient day, can be easily derived from hospital statis-— 
tical reports. . Once the number of patient days is calculated for a 
year, the average unit cost of output can’ be calculated by dividing the 
total annual expenditure by the total number of patient days recorded 
during the same year. 

The patient day overcomes the problem of data heterogeniety but 
such an unidimensional measure of hospital output is not without flaws. 
It implicitly assumes that all patient days are alike; that within each 
patient day is contained an identical combination of services. It also 
assumes that the resource inputs embodied in a patient day are identi- 


cal in every hospital. Output surrogates, including the patient day, 
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have primarily been used in a variety of macro analyses. They. are of 
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little value in answering micro questions such as explaining the dif- 
ference between the cost of a medical and a surgical patient day. 

Another limitation of aggregate surrogates including the patient 
day originates in their inability to reflect variations in atelity 
The present body of literature generally failed to adequately adjust 
for quality differences. It has been observed that: "Unfortunately, 
there is no feasible way to quantify quality for hospital services and 
its influence on costs cannot be estimated ees Ale im tact, 
‘quality' in the hospital field is a term which conceals two effects. 
These are 1) changes in technology and 2) changes in psychic value. 
Costs tend to increase with changes in technology but may or may not 
with psychic changes. It cannot, therefore, be concluded that costs 
will always increase with increased quality. Both quality and cost 
might increase per radiological examination if a hospital replaces an 
x-ray machine obtained in 1940 with a more recent model. Both machines 
take x-rays but the technological superiority of the new piece of equip- 
ment would likely be greater. Quality may also increase if a nurse with 
no special training in social interaction is replaced by a trained nurse. 
Both would be paid at the same rate but the patient experiences, hope- 
tully fa. peychic amprovement in the quality of the care he receives. 

A major problem in the study of hospital costs is to distinguish 
the costs which are associated with improvements in technology from 
those associated with increases in the scale of hospital output. If no 


adjustment is made for technological differences when a surrogate out- 


ap Berry, "Returns to Scale in the Production of Hospital Ser- 
vices", Health Services Research, Vol.2, No. 2, Summer, 1967, P. 126. 


1Biyid., Ps 127. 
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put is used, then small hospitals or ones producing less technically 
efficient services may well appear to be operating more efficiently 
than larger hospitals or ones producing services, which contain a 
higher technological component. (As a point of interest, it should be 
observed that, generally, higher technology levels appear to be as-= 
sociated with eer hospitals than small ones. The larger hospital 
tends to offer a broader range of facilities and services and a better 
qualified and more diversified staff.) There appears to be some rela- 
tionship between hospital costs and the level of technology which the 
literature has failed to adequately report. Future research and 
analysis in the field of hospital economics could usefully develop a 
technique to more adequately reflect this form of quality differences. 
Such a technique would be useful because no two hospitals are likely to 
produce outputs identical with regard to either volume or quality be- 
cause no two hospitals possess identical equipment, offer identical 


services, employ identical staff or operate identical physical plants. 


Hospital Efficiency 
The Ontario Committee on the Healing Arts has observed that, 
"Increasing quantities of labour and other inputs... cannot be taken 


a In 


as evidence of falling productivity in hospital operations". 
fact, the Committee felt that productivity actually increased with the 


addition of such inputs. As medicine has developed new techniques and 


oe ommkeeee an the Healing Arts, Vol.3, P. 12h, 
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procedures have resulted which in turn have led to new kinds of 
equipment and new job classifications. The new equipment could be 
aa to perform a function never before performed or to improve 
on the performance of older equipment. In either case, the new equip— 
ment represents an improvement in technology. Often the new equipment 
requires a new and more highly trained type of employee be added to 

the staff in order to operate it. In the hospital field improvements 
in technology frequently do not yield reductions in manpower, as is 
generally expected in economics, but rather staff must be increased. 
Much of the benefit of new equipment and jobs appears to be psychic, 
although patient volume may increase in many instances. Hospitals may 
add staff and equipment and, as a result, raise the total cost of op— 
erating without treating one additional patient; however, it cannot 

be said that productivity has dropped because the psychic benefits 
which the patients receive may well have been increased substantially. 
Inspite of this argument, it is doubtful that most hospitals operate at 
an optimal level. 

In economics the production function traditionally represents in 
mathematical terms a firm operating in the most efficient manner pos- 
sible at a given level of Seve ahve a eee The production function is 
related to the premise that the goal of a firm is profit maximization. 
A firm which maximizes its profits operates on the edge of its produc- 


tion frontier. Any firm on the edge of its frontier is combining 
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M. Brown Jr., "An Economic Analysis", P. 61. 
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the inputs in its production process in the most efficient manner 
possible to produce the maximum level of output possible with the 
current technological resources. The production function specifies 
the output ofa firm on its” production frontier. 

In applying the theories of production and cost to the hospital 
industry, 1 must be recalled that it is a non-profit industry and as 
such does not maximize profits or minimize costs. It appears that 
hospitals generally operate in a less than perfectly efficient manner, 
and therefore, operate within the edge of their production Ponte 
The usefulness of specifying hospital cost functions is primarily in 
the creation of 'bench marks! of hospital cost behaviour which provide 
guidelines and indicators for hospital planner and administrators. 
Given a level of production, which is likely not optimal, cost speci- 
fications, such as were contained in the literature, reflect the be- 
haviour of costs and the level at which they are lowest for specific 


samples of hospitals. 


“lthis behaviour occurs in part because there is little incentive 
for the administrator of a hospital to try to maximize eificiency. In 
order to ensure efficient operations, he must expend great effort and 
become involved in conflicts with the medical staff. Since hospitals 
in Canada have traditionally been reimbursed for the costs incurred, 
all savings accrue to the government paying agency. An administrator 
maximizes his utility by expanding his hospital in size and staff. This 
action increases his status and, generally, his salary and virtually 
eliminates conflict with the medical staff. This behaviour ensures 
that the net social benefit is not maximized. 
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CHAPTER V 


SUMMARY, CBSERVATIONS AND RECOM ENDATICNS 


Summary 


Chapter I of this thesis examined the behaviour of costs in the 
health field in both Canada and the Province of Alberta during recent 
years with particular emphasis on hospital-generated costs. During 
the period considered, 1957 to 1970, costs were observed to escalate 
at a rapid rate in the health services and, especially, in the hospital 
field. 

In light of such rapidly increasing costs, it was thought that 
a thorough review of the economic literature concerning hospitals would 
be a useful undertaking. It would reveal the nature of the current 
available literature:- its directions, results and conclusions; the 
concepts, methods and approaches meriting further research and investi- 
gation; and an indication of which size hospital is optimal. 

A number of points emerged from the literature review: 

Le Throughout much of the literature, the technique of analysis 
consisted of the cross-sectional approach. Of three time-series 
analyses in two cases, the data was combined after the time- 


series analyses were complete to provide a pooling of data. 
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Much of the literature consisted of aggregate analysis of large 
groups of hospitals. Two writers performed a type of disaggre- 
gate analysis. Most of the conclusions and results were, there- 
fore, of a 'macro' nature and as such they are of little.use in 
explaining the cost behaviour of individual hospitals or in 
decision ees the 'micro' level of hospital activity. 
In most of the literature aggregated costs were employed and re-= 
flected the overall costs generated by all hospital activities. 
In all but one instance such costs were specified in relation- 
ships with independent variables representing only inpatient 
activity. In the literature, the specifications generally ap- 
peared to be inadequate Peeeee the actual, costs were greater 
than those which the independent variables could explain. 
Hospital scale has been represented in terms of output and capa- 
city both of which have limitations. Output was generally 
measured in terms of a surrogate reflecting only inpatient 
activity. In most of the cross-sectional studies noted in 
Table III-1 in which output was employed, the influence of the 
‘regression fallacy' was operative because no adjustment was made 
for the cost of capital. Capacity was most often measured in 
terms of ‘ability to serve' inpatients. 
Capital costs were omitted from the cost calculation in all but 


two pieces of literature. The consequence was that, depending 
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on the specification, either total variable or average variable 
cost functions were specified rather than complete total or 
average cost functions. 

Economies of scale for larger hospitals appeared to have been 
generally underestimated in the literature because neither oper- 
ating nor fetal costs were adequately reflected throughout the 
various specifications. 

There was generally no discussion of nor attempt to adequately 
reflect the influence quality has on hospital costs. The tech- 
nological and psychic differentiations of quality were not dealt 
with. This aversion to the problem of representing variations 
in quality appeared to reflect the inability of the health care 
industry to define standards. 

Hotel costs were relatively 'fixed' in the short-run. 

Many of the results in the literature were not statisticly 
Significant. 

The nature of the studies reported was such that their results 
have limited application to any population except for the one 


used in each particular study. 
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Concluding Observations 


The pressures of the market place appear to be all but 
inoperative in the provision of hospital services in Canada and, as 
a result, growth and development have been less than optimal. The 
oes of the size and distribution of hospital facilities by ex- 
ternal authority has developed since the lack of a price mechanism 
has caused cost to increase beyond a level which the public could 
tolerate. In Canada, the external authorities are primarily the 
Provincial Government, although, because of heavy financial in- 
volvement, the Federal Government also is influential. 

Presently in Canada, two general policy approaches appear to 
be emerging in relation to hospital services. Neither appear to be 
directly concerned with whether or not hospitals operate efficiently. 


On the one hand, hospitals are characterized as wasteful institutions 
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Hospital expenditures are to be held in check by such measures 
as restricting government aid for new or expanded active-treatment 
facilities, applying ceilings to the rates of increase in hospital op- 
erating costs and ordering hospitals to close certain wards or specific 
numbers of beds. The politically acceptable belief is evolving that 
the number of active-treatment beds per thousand population must be 
reduced to a uniform ratio across an entire province. (e.g. The ex- 
pressed aim of the Government of Ontario, "Is to trim down the number 
of beds from the present 5.3 beds per thousand population to 4 beds per 
thousand.""” Limiting the number of beds may slow the rate of cost 
increases but as was observed in Chapter IV, such action does not 
guarantee that the resources which will continue to be expended will 
produce an optimal return. 

Recent reports eminating from government study groups have called 


for a complete re-organization of the entire health care field and of 


the mechanisms by which it is pieces. Hospitals have been recognized 


a enedian Hospital, Wol.50, No.1, January, 1973, P.4 and P19; 
and Hospital Administration in Canada, Vol.15, No.l, January,1973, P.4. 


“the Community Health Centre in Canada, Report of the Community 
Health Centre Project to the Conference of Health Ministers, (Ottawa, 
Department of National Health and Welfare, 1972). 


P canadian Hospital, Vol.50, no. 1, January, 1973, Faw. 


The Community Health Centre in Canada; Report of the Ontario 
Committee on the Healing Arts, Vol.l and 3, (Toronto: Queen's Printer, 
1970); and Report of the Commission of Inquiry on Health and Social 
Welfare, Part 2, Vol.IV, Tome I, (Quebec: Quebec Official Publisher, 
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as important features of the health system in these reports but the 
recommendations generally have called for limitations on hospital 
functions and future development. Alternative forms of health care 
have been put forward as mechanisms which would increase the amount 
of health care provided, deliver it in a more efficient manner and, 
simultaneously, ce the rate at which health costs are rising. 
The ‘community health centre’ concept, in particular, has been ex- 
pounded as such an alternative along with extended care, home care 
and various forms of 'day' care both inside and outside the hospital 
setting. Expectations exist that, with such alternatives, hospital 
expansion can be avoided, or at least postponed, and that health care 
would come to be provided more efficiently and effectively. 

It is possible that restraints imposed on hospitals and the 
‘development of alternative forms of health care may achieve many of 
the purposes for which they were conceived. Two items for thought 
have been germinated by this thesis regarding hospital optimal size 
which merit further consideration by those who support restraints and 
alternatives. First, an overview of all of the results in the hospital 
literature revealed that, while the results are varied, the majority of 
the analyses indicated that hospital average costs were decreasing or 
constant over the entire range of presently existing hospitals. This 
statement is also supported by the observation that costs and variables 
were often erroneously specified which likely yielded an underestimate 
of economies of scale in the literature. Although the evidence is far 


from conclusive, at the aggrega 
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pitals could possibly operate more efficiently than smaller ones and 
that the optimal hospital size may be very large. Additional research 
needs to be directed toward determining the optimal size at the aggre- 
gate level before the concept of hospital expansion is eliminated as 
an alternative in developing the health care system. 

Aggregate economic studies of hospitals have not necessarily re- 
flected what is desirable for one hospital as a unit nor as part of an 
integrated system. The hospital of optimal size at the aggregate level 
may be unsuitable for many communities. This is the second item which 
per ire consideration. More study is required at the very disaggregate 
level of the individual hospital, its departments and of the community 
agencies which complement and supplement each particular hospital. 
Paul Feldstein provided a technique upon which further research could 


=) 


evolve. The goal of such research would be to provide information 
which would enable each individual hospital to know when its size would 
be optimal, given its particular community, and what organizational 
arrangements would maximize operational efficiency, given a desirable 
size. 

An extensive development of hospitals has taken place in Canada 
during the past twenty years. Currently, hospitals represent the focus 
of health care in many communities. Given the present patterns of 


medical practice and existing public attitudes, it is doubtful that the 


place of the hospital in health care delivery will be substantially 


Paul Feldstein, An Empirical Investigation of the Marginal Costs 
of Hospital Services, (Chicago: University of Chicago, 1961), P. 1-60. 
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reduced. Hospitals will continue to exist and each needs to be 

managed efficiently both as a unit and as a component of a community's 
health resources. Restrictions on size and fect volume may prevent 
a hospital from achieving its least cost level of production and keep 
the overall health costs for a community higher than if the hospital 
was left unrestrained. Restrictions may limit the volume of hospital 
service available but costs are not necessarily limited proportionately. 
If hospital costs are not reduced when the alternate forms of care are 
introduced, but hospital services are cut-back, the total cost of 


health care overall may be increased but not the volume of health care 


available. 


Recommendations 


This thesis has examined the existing economic literature related 
to hospitals which presently is limited. The field of hospital econo- 
mics, however, merits further research at both the aggregate and, 
particularly, disaggregate levels. 

Specific problems have been isolated, each of which is an oppor- 
tunity for additional study. Cost specifications which encompass both 
capital and operating costs need to be developed. If meaningful inter- 
hospital comparisons are to be made, a more precise measure of size is 


needed than that of the ‘number of Beaate’ The influence of 'quality'- 


The problem occurs because the number of beds in no way re- 
flects outpatient types of activity. 
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both technical and psychic - on costs is one which needs recognition 
and study. Better specifications are needed if results are to be 

statistically significant more often. Further research should be 

directed toward defining the product of a hospital in precise terms. 

In the literature there was no consensus as to which hospital 

size was optimal. pe ac decreasing average costs were found 
frequently in the hospital industry. With only one exception, there 
was a definite concensus that small sized hospitals have higher ave- 


rage costs than medium and large hospitals despite the fact that the 


larger hospitals may offer a greater variety of services. Considerable 


research is required if the question of optimality is to be settled 


satisfactorily. 


The most significant point raised in this thesis concerns public 
policy and the need for 'micro' studies at the level of the individual 
hospital. They are required for each hospital in order to ensure that 


it operates efficiently and at the same time that it effectively meets 


the unique health requirements of its community. With a disaggregate 
analysis of the hospital, the local planners could then allocate re- 
sources in such a fashion that an optimal return could be achieved 


within the overall 'macro' guidelines of provincial policy. 
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APPENDIX I 


ESTIMATED TOTAL COST FUNCTIONS 
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APPENDIX IT 


AN EXAMINATION OF A RECENT 


DISAGGREGATE STUDY OF HOSPITAL COSTS 


Beebe. BAKER™ 


“DM. Baker, Hospital Cost Control and Product Pricing With an 
Empirically Derived Factor Analytic Model of Inpatient Output, Una 
published Ph.D. disertation, (Los Angeles, University of California, 


1973). 


£61 


Sees 1.008 


It has been noted previously in the main body of this thesis 
that satisfactory measures of hospital output were not evident in 
the existing literature. One of the main observations of the con- 
cluding chapter was that further research should be conducted into 
the development of such a measure. Subsequent to the final sub- 
Mission of this thesis a recent piece of literature which dealt 
specifically with the ‘output issue' was brought to the writer's 
attention. This thesis would not be complete without a discussion 
of the work of Dennis M. Baker.” 

Baker had two objectives in his work. The first was to 
define and measure, in a 'meaningful' way, hospital inpatient output. 
The second objective was to test the usefulness of the inpatient pro- 
duct model with regard to cost control and product pricing. Baker re- 
stricted his Studyeto inpatients and selected the case (i.e. dis- 
charge) as his’unit of output. He was critical of the assumption 
underlying common surrogate measures of output such as the patient 
day with which all types of patients are presumed to consume re- 
sources in equal quantities. In Baker's view "Products should be 
defined and measured in terms of the kinds and amounts of resources 
they fei Recognizing that to analyze the costs associated with 


each case would be a monumental task, he proceeded utilizing the 


2D.M. Baker, Hospital Cost Control and Product Pricing With an 


Empirically Derived Factor-Analytic Model of Inpatient Costs, Un- 
published Ph.D. disertation, (Los Angeles, California, 1973). 
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assumption that some diseases are related to others in a systematic 
manner, in terms of the kind and amounts of resources used for each. 
In his analytical work, Baker operationally defined the product of 
inpatient care in terms of disease groups. 

Baker first distinguished the disease groups by means of 
multivariate factor analysis. His data consisted of a 20 percent 
random sample of all discharges at one hospital during the first 
six months of a particular year. From his sample he grouped diag- 
noses alike in resource utilization establishing major utilization 
‘patterns and then assigned the remaining unused diagnoses from the 
sample to appropriate groups. 

ieee Qj = Ti+ 43 

where j = a particular product (diagnostic) group 

Q= eee ocee composing a product 

T = the diagnoses initially defining an output 

A = other diagnoses most similar to T 
The final form of Baker's product model cost function was of the 
general form: 


k 
Poss hx 


Fl 33 
where ¥ = total inpatient “direct cost 
k = the number of products 
j = one product 
t= cost of product 3 
X = number of units of product j 
Baker began with a very disaggregate sample but by means of 


multivariate analysis he aggregated his data and then developed a 


cost function for the particular hospital from which he drew his 
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data. As Baker noted, one of the limitations of his analysis was 
the definition of the iso-resource diagnostic groups in terms of 
standard charges for inpatient services. He opted for this approach 
because he felt that an attempt to define output in terms of an 
appropriately limited number of physical amounts was not operationally 
feasible. As an example he stated that the unit of service produced 
in Readicdigas <= the X-ray examination;- has not the same value of a 
Nuclear Medicine Department:- the scan. Such measures did not reflect 
the relative Ncostliness'"” of the service. Since, the hospital 
charges constituted a standard rate schedule that reflected relative 
costliness of different services, it was assumed that the charges were 
acceptable surrogates for defining relative quantities of inputs and, 
hence, iso-resource products or outputs. 

Baker's multivariate factor analysis yielded three distinct 
factors representing disease categories defined in terms of resource 
utilization. Those diagnoses not included in the multivariate analy- 
sis were subsequently allocated to one of the three categories. 
Having defined output, Baker proceeded to estimate a linear, time- 
series total inpatient cost function for the particular hospital. He 
included only inpatient direct costs thus omitting from his cost esti- 
mate overhead, depreciation and amortization costs. Additionally, no 
attempt to reflect changes in technology was incorporated. The total 
inpatient direct cost function took the following form: 

Y, = 578.37 X,, + 252-36 X54 + 954.62 X., + 13.93 t, R= .7226 
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where t = linear time variable, and 
iim i ess lOomimontns)'. 

Baker interpreted his result as a long-run variable cost function. 
The value of Re reflected the high explanatory power of the model. 
Only the coefficient of X-5 is not significantly different from 
zero whereas the others are significant at the 10 percent level. The 
long-run average variable cost curve revealed by Baker's analysis was 
one reflecting continuously increasing average costs or continuous 
diseconomies of scale. Naturally, his linear analysis is subject to 
all of the limitations associated with such analyses mentioned in the 
fourth chapter of this thesis. 

Baker's study provided an interesting alternative approach to 
the definition of ere output. No conclusion with regard to the 
superiority of his measure is possible based solely on the limited 
nature of the cost function which he estimated. His measure, based 

“on diagnostic groupings according to resource utilization, does 

raise questions, some of which are noted above. Further, one might 
also question on an intuitive basis whether it is indeed possible to 
represent all inpatient outputs by means of only three diagnostic 
categories. In any case, Baker's methodology is one deserving repli- 


cation in future studies of other hospitals. 
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